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Abstraot

This thesis studies the problem of analyszing the wartime
performance of the Alaskan theater airlift system. Alaska is of
partioular interest in this respect because airlift is the primary
means of movement for the theater; this is in contrast to Europe,
where several alternate transportation systems are available.

To ezamine the performance of the Alaskan airlift system, a
simulation model was created using the SLAM simulation language.
The model! was designed to be used tor further study and
inoorporates a number of features designed to enhance ease of use.
The model allows much flexibility in determination of scenarios
against an overall background of wartime operation. In gcnntil.
the model centralises the system around a home base and circulates
airoraft through a network of five bases rapresenting the sajor
types of bases expected to be of concern in the theater.

To simultaneously demonstrate the use of the model and
perform an {introductory analysis, a specific socenario is created
roflcctthg a major Army movement from the ocentral area of the
theater to the western perimeter. Using a 32-run fractional
faoctorial design, (tfifteen (factors are screenad for possible
significant effects on the final completion time of the 187
missions involved in the movement. With the aid of a normal
probability plot and an analysis of variance (ANOVA), five faotors
(number of airoraft, number of orews, orew day length, season, and
weather) are shown to have s!gntlielnt effeats. The two most
important of these, number of airoraft and number of orews, are
then ezxzamined more thoroughly using a triply-replicated 80-run

factorial design with graphiocal analysis of the results. The
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results indicate that aitoraft and aircrews have complex but

readily definable effacts on system performance, and that analysis

of theses effeots can be of much use to operational planners. j

Beyond the results drawn ffrom the specific scenario used, this
: thesis demonstrates that the Alaskan airlift model can be useful
- in the analysis of a type of theater logisatics system which has

received relatively little attention in the past.
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AN ALASKAN THEATER AIRLIFT MODEL

I. duc

The rapid development of oritical resources in northern
regions of North America suggests that defense of these
increasingly important areas warrants increasing ooncern. The
North Slope o0il fields of Alaska, for instance, are closer to the
Soviet Union than are any Persian Culf sources. Moreover, the
pipeline-tanker system which transports North Slope oil to
Continental U.8. (CONUS) retfineries is far from secure -- the
pipeline itself has already been sucoessfully sabotaged at least
onoe. Al though the defense of Alaska and other northern areas is
not considered a major priority in light of threats elsewhere in
the world, it may be of gsome value to briefly examine what
large~scale operstions in northern areas might entail.

Qvesview. After Driefly examining the current positions of
the Uni ted States and the Soviet Union with regard to
northern~area warfare, this ohapter will exzplore the general
problems of military operations in northern areas with sparse
populations and limited surface transportation n‘two:kn. The
effeocts of northern climate and gsography will be outlined and the
value of airlift in such areas will be explained. The Alaskan
theater will then be specifically exzamined as a potential
battletield. Alaskan olimate and geography will be summarised and
military forces available in the theater will be discussed. Three
possible scoenarios for enemy activity in Alaska will be presented
and recent developmants in planning for these scenarios will be
ocovered. Lastly, the need for further analysis of Alaska (and of

northern operations in general) will be discussed and the
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usefulness of a specially designed simulation model in such an

analysis will be outlined.

n Latitude Warfare in Pe iv

Large-scale operations in cold-weather, northern-latitude
regions have traditionally presented major problems to military
planners. Inadequate consideration ot and poor preparation ftor
these problems resulted in two of the most crushing defeats in
military history -- Napoleon's disastrous march on Moscow and
Hitler's ill-fated Russian campaign. The United States has
conducted only one prolonged operation in near-Arctic oconditions
-= the Aleutian campaign in 19842-43. Although officially a
success, this campaign required 500,000 men and fifteen months to
dislodge a few thousand ill-equipped Japaness troops from two tiny
islands (Ref 7:iii).

Ihe Roadless North. The same problems whioch defeated
Napoleon and Hitler and which were the true enemy of both sides in
the Aleutians are still very much in evidence. However,
operations in mainland Alaska and northern Canada complicate the
traditional cold-weather problems by removing or severely
restrioting a factor whioh made large-scale winter operations even
initially feasible -~ reliable surface transportation capable of
moving large quantities of men and materiel. Alaska and Canada,
above approximately 353 degrees north latitude, are effectively
roadless except for a very few extremely vulnerable roads and
railroads. This wmeans that virtually all of Alaska and more than
two-thirds of Canada -- an area of more than three million square
miles -- i3 at once a rapidly daveloping resource storehouse and a

virtual wilderness unsui ted to traditional temperate-sone

operations. Usllrny Colonel William Alexander's recollection of




his largely disregarded advice during the planning of the Aleutian
campaign is illuminating:

.1 pointed out that none of the needs of man were
svailadle on Attu and Kiska, and therefore we had an
gnuscal set of conditions to deal with, not to mention
the cold temperatures and the nuskeg -~ nuskeg that
quakes, shivers, and gives way beneath the weight of a
man, let alone wheeled vehicles. 1 emphasized the utter
futility of trying to oconduct sn operation along
conventional lines ... As tor supply, 1 kept in mind
that an infantryman equipped tor combat ocould, with
luck, make 1-1/2 miles an hour, unopposed, over terrain
of that sort. And for every soldier engaged in ocombat
there must be two to carry supplies -- one going and one
coming from the front Iine. We could not do it with
wheels or tracks....(Ref 7:223)

Al though the United States and Canada have not much less
roadless and sparsaly populated northern territory than the 8oviet
Union, little modern analysis has apparently deen done in the
United States on the subject of theater-scale war {n northern
latitudes. Today only the Soviet Union regularly trains for
large~-scale <c¢old-weather warfare; American efforts have been
{imited for many years to such exercises as JACK FROST, which have
involved no more than battalion-size units in extremely limited
soenarios. The scale of these exercises does not compate
tavorably with the estimated full Soviet division in place on the
Kamoha tka Peninsula and in the northeast Asian Arotio (Ref 4:333).
As a further indicator of Russian northern latitude ooncern,
Soviet foroes opposite northern Norway comprise no less than two
motor rifle divisions and a naval infantry regiment with
amphibious oraft and air cushion vehtocles, with seven more rifle
divisions and an airborne division immediately available (Ret
4:333).

£ o 14 . In essence, the problems of

northern~-latitude warfare stem from two very basic roots: olimate
~and geography. Howaver, these two factors manifest themselves iIn

extremes mnot found in any other potential area of military
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operations. Weather can vary more widely in northern Jat{tudes
than aimost anywhere else in the world. The mixing of moist
maritime and dry, c¢old polar air masses ocreates intense,
fast-moving storms which ocan bring hurricane~force winds to
southern coastal areas; this same mixing oan produce dense fog
with high winds which ocan persist for days. Even with clear
skies, winds blowing almost incessantly across snow-covered
regions oan oreate ground bligsards which can reduce horisontal
visibility teo szero. Inland areas wmay experience weeks of
tifty-below-saro temperatures and resulting dense ice fog. a
phenomenon which is primarily ocaused by man-made sources of
moisture and which ocan completely close airports and bring even
ground movement to a near-standstill. During the summer, these
same interior valleys endure numarous thunderstorms, some of which
may be severe and which can occur more than a2 hundred miles north
of the Arotic Circle.

Even though these extreme weather conditions exist only a
fraotion of the time, they contridbute to the extreme variability
of northern weather, which is itself a major planning faotor. For
instance, in the Aleutian Campaign, the Eleventh Air Force was
able to fly an overall average of only eight oonb‘t sortias per
day from mid-19042 to late 1943; moreover, its losses on ocombat
gsorties alona were 214 planes, of which no fewer than 174 were
Iost to weaather and mechanical failure. In the same campaign., the
Japanese lost 89 planes in combat ;ﬁd approximately 200 in fog and
storms (Ret 7:370).

It is generally agreed that some of the lowest temperatures
on earth ocour in arotio and sudarctic regions; however, it (s
less widely apparent to many observers how profoundly such cold

can affect the operation of both men and machinery. For instance,
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support requirements for men in the field increase dramatiocally.
Special provisions, ranging (from insulated clothing to heated
latrines, must be made for all manner of common activities.
Inadequate lubrication and even actual degradation of metal
properties causes machinery to funotion less efficiently or not at
all, and even special winterisation cannot guarantee the continued
operation of complex modern equipment. The toll on personnel |is
high as well -- in one battle of the initial Russian assault on
Finland in the winter of 1939, 8S8oviet casualties were 17,500 dead,
most of whom frose to death (Ref §:10354).

Limitations of Geography. Even without the extremes ot
wea ther, geography alone would oreate severes difffoulties for
northern-area operations. A major factor is sheer distance: from
Anchorage to Fairbanks is 360 road miles. from Anchorage to Nome
is more than 650 miles -~ with no roads; from Anchorage to Shemya,
at the western tip of the Aleutian chain, is almost 13500 air
miles. Distances from population centers to outlying regions in
nor thern Canada and Siberia are even greater. Surface
transportation networks are minimal in all northern regions; the
highway system in Alaska goes no further west than Anchorage and
Fairbanks, and the Arotic Slope Haul Road is th‘ only highway
which corosses the Arotic Circle in Alaska. Transportation systems
in northoth Canada and northern Russia are equalliy as sparse.
VWhile some river transportation is possible during the summer, and
while ice roads and tractor trains may be used (with much effort)
in the winter, the terrain in northern regions essentially
prevents conventional large-scale off-road surface mnovement.
WVhere mountains do not blook ground vehicles, swamps, forests, and
impassable tundra provide effective barriers to summer travel.

Ground travel is somewhat easier in the winter, although the only
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vehicles which can move with any speed in such conditions

(snowaachines and some Iight tracked vehiocles) have very limited

i G b

cargo carrying ocapability. Helicopters provida a means to
overcome many field mobility problems, and in fact play a major

role in modern northern-region planning. However, helicopters

have limited range <(especially with heavy loads) and require
”'; extensive logistics support. While airmobile elements can
J alleviate local mobility problems, they are not a satisfactory
solution to long~range movement.
;.; . Importance of Airlift. In general, climate and geography act ?
54 ' in concert to make fielding of large foroes prohibitive or nearly
so in northern areas. Climate and lack of existing facilitjies
dioctate considerably inocreased support for any force, while
distance and lack of surface transportation make such support
almost totally dependent sea or air channels. Except for more
southerly coastal areas (along the Gulf of Alaska, for instance)
sea transport is unreliable because of ice, if not enemy action. ‘ ﬂ
This leaves airlift as the primary and often the only means of
long-distance transportation in such areas as Alaska, northarn and
central Canada, S8iberia, and extreme northern Europe.
i i Accordingly, the sisze of forces employed in northern regions
;;] wi thout surface transport mnust logically be dependent on the
ability of airlift to provide reliable and sustained movement of
men and supplies.

No major power has ever maintained an entire theater of
operations in wartime with airlift as tha sole wmeans of
intratheater transportation, and certainiy no suoh undertaking has
ever been conducted subject to the distances and operational
fimitations inherent in northern areas. Nevertheless, the current
plans for the defense of Alaska are bDased entirely on suoh a

oonocept, however, untried it may be.
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Alaska as a Potential Battlefield

Summary of Conditions. Let us examine Alaska to see how this
concept might operate. (Figure 1 is an outline map of Alaska
showing key geographio, oultural, and military (features.)
Geographiocally, Alaska is fully a fifth as large as the CONUS --
almost 600,000 square miles. Excluding the southeastecn
panhandle, the population of less than half a =million people is
concentrated along the Alaska Railroad, in the so-~called Rajilbelt
between Anchorage and Fairbanks. The highway network is very
limited, 1linking Anchorage, Fairbanks, and the oil port of Valdes
with each other and with the Alaska Highway. Outside the
Railbelt, population is scattered widely in villages and a few
small towns, with airoratt virtually the only asans of
transportation.

The terrain varies widely, from heavily forested mountains
along the Gulf of Alaska coast to northern birch and fir forests
in the interior valleys to barren tundra on the North Slope and
along the Bering Sea coast. The many mountain ranges serve to
compartmentalise the geographical regions and serve as barrciers
not only to travel but to weather as well. VWeather patterns are
of ten quite different in adjacent geographical lt.ll; and a flight
from Anchorage to Nome, for instance, may cross through as many as
four completely different weather szones. As mantioned above,
these weather systems may vary from blissard to SUmBer
thunderstorm, and ocan ochange with unexpected suddenness at any
time of year.

The "Aroctic Rapid Deplovment Forge®. Military forces in

Alaska are relatively few and dependent on two main base

complexnes: Elmendorf AFB and Fort Richardson at Anochorage, and

A
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Fort Waimnwright (formerly Ladd AFB) and Eielson AFB near '
j; Fairbanks. Air Force combat units consist of two squadrons of
F-4s and one ten-plane C-130F gsquadron at Elmendorf AFR, an
eight-plane C-130E Air National Guard squadron at Anchorage
i International Airport, and a squadron of O-2s for forward air
control work is based at Eielson AFB. F-4 detachments froma
Elmandorf maintain air defense alert at Elmendort, Eielson, Calena
Airport, and XKing Salmon Airport, and SAC rotational detachments
from the CONUS provide tanker support at Eielson. Atmay mansuver

: units in Alaska are limited to one light infantry brigade, with

two battalions at Fort Richardson and one at Fort Wainwright. An
Army aviation battalion with UH-ls and CH-47s is based at Fort
WVaimnwright, with one regular and one National Guard UH-1 company
at Fort Riohardson. The Alaska National GCuard Scouts, a largely
native reconnaissance and light infantry force, COmprise
3 approximately one battalion scattered throughout the state in more
than 60 small detachments.

Emp loyment of these (forces nust be based on several
assumptions. First, it is considered unlikely that Alaska would
be the only area requiring military action, and that primary

trouble areas would receive much higher priority. Thus,

LA
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emp loyment concepts assume that little or no augmentation wouid bde

,A,..
e

available from non-Alaska sources, leaving in-theater forces to

- cope with the problem (Ref 4:358). Second, (it is assumed that
N opposing forces would be of the same order of magnitude as theater
foroes; this is Dbased on the belief that Soviet foroes would be

limited Dy transportation difficulties to at least the same extent

as Alaskan units. It is further assumad that any Soviet bduildup

- to support larger forces would be easily deteoctable and in any

‘ case would bDe unlikely in a worldwide orisis soenario. In
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essence, the forces in Alaska comprise an “Arotio Rapid Deployment
Foroe" not intended to deal with large enemy forces, but instead
tailored to the most likely threats to the theater.

Thres Alaskan Scenarios. Given that any incursion would be
limited to relatively small forces (as compared to tha large-scale

corps- and army-size confrontations in Europe and the Far East)

A i

the possible contingency scenarios and reactions fall into three
categories. First is a guerrilla/terrorist campaign of sabotage
iv and harassment, acoompanied by quick-strike missions against
; selectead targets. Small ground units could be infiltrated by sea
- or air to attaock isolated, vuinerable targets such as pipeline
t facilities or communications installations; this type of action
would be largely limited to the central and southern areas of the

| state, where cover is good and maneuver is relatively easy for

light units. Enemy air support for such a campaign would probably
be limited to special-operations-type resupply. since distances
from potential Soviet bases to targets in interior Alaska are too
great for most strike airoraft. Reaction to this soenario would
likely be 1limited to small-scale search-and-destroy aissions by
theater forces; demand on airlitt resources for transportation

would be moderate and reasonably continuous.

, S8econd is a full-soale oconventional incursion by up to
division-sise forces in western Alaska, at & location capable of
air and/or sea resupply such as Nome or Xing Salmon. Such an
inoursion could imply subsequant movement toward interior targets
with air support Dased at captured airfields, and might or aight
not be accompanied by & small-unit harassment ocampaign as
described above. One reaoction to this scenario might be to deal
Qquiockly with any activity in the interior but employ a

defense-in-depth against the main foroe, letting enamy forces

10




contend with the great distances, inhospitable terrain, ang
adverse climate between coastal regions and the high~value areas
of the Railbelt. This would be similar to the traditional Russian
defense against invaders which has proven so effeotive even
against modern armies. Demand for airlift transportation under
this soenario would be about the same as for the
harassment-campaign option, with considerably inoreased
transportation needs as soon as the time was considered proper for
a counteroffensive.

The third scenario is a conventional incursion as Jjust
desoribed, but with immediate reaction by Alaskan ground and air
forces against thd main enemy force. There could be several
reasons for such a reaction in force, such as the political
neocessity to react quickly to an overt attack on American soil.
In any case, such a reaction represents the worst-case scenario in
that theater foroes would be deniad the advantages of a defense in
depth in order to assume an offensive posture. Such an offensive
torce would be subject to the same handicaps as the enemy force,
to include incoreased logistios requirements, 1long air supply
lines, limited air cover, and difficulty in mobility.

annin and Ezxeroise Ina -] . Loﬁtoa!ly, the
teaction-in-foroce scenario would place the greatest and most
immediate demand on theater airlift resources and should receive
the oclosest study. Howeaver, such study has been limited; until
18078, in faet, the reaction-in-force socenario was lacrgely
disregarded Dby Alaskan planners, nor did in-theater ezercises
address the issue. It should be pointed out that the vearly JACK
FROST exercises, the primary JCS-directed exercises in Alaska,

ware not designed to test Alaskan employmant concepts, but rather

11
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to evaluate general cold-weathar problems and capabilities. As
such, JACK FROST was always conducted in the Tanana Valley near
Fairdanks and the Eielson-Fort Wainwright complex, and evaluation
of long~-range employment capabilities of Alaskan forces was never
speocifically inocluded in the exercise cbjectives. Emplacemant of
torces was strictly administrative, (field play was strictly
controlled and limited to small areas, and use of airlift was
’inimal.

Aside from JACKX FROST, in-theater joint exercises were very
limited in socope, rarely involving movement of more than one
company. Although the distances in some of these exercises were
realistio, theater airlift resources were never tazed to ths
extent demanded by 2 major reaction to the western perimeter of
the state. Most Alaskan Air Command exercises were primarily
designed to test air defense capabilities., and airlift involvement
was limited to deployment of a few maintenance packages to forward
bases. Likewise, command-post exercises ware air-defense
oriented, with Army moves being simulated and airlift
participation limited to little more than a telaphone answering
service.

Development of Current Conocepts. By 1878, 1£ was apparent
that movemant of a substantial force from the main base ocomplexes
to the western part of the state might be necessary, and plans
were adjusted accordingly. In this adjustment, extensive
soordination bDetween airlift, Army, and air defense planners
resulted in a reasonably firm estimate of Army intentions in the
event of a ocontingenoy. This was noteworthy in that the US Army,
Alaska, committed itself to a specific oconcept of employment whioch
in turn allowed Air Foroce planners -~ and airlitt planners in

particular =~= to make acourate estimates of support requirements

12
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and tactios needed to insure accomplishmant of the airlift mission
(Ref 2).

The Arnmy employment concept was very straightforward. As
quickly as possibla after the initial inoursion, assault forces
were to be marshallied at an intermediate airfield for an assault
on a forward airhead, which in turn would be within heliocopter
rangs of the enemy force. As soon as the forward airhead was
secured, it would be inmproved as required by airdropped
earthmoving equipment; while the field was being prepared for use,
ground forces would be supported by airdrops alone. Helicopters,
which were to provide primary field mobility for ground forces,
would move with the advance forces and would receive airdropped
fuel wuntil the airhead was open. Once open (normally within 24
hours) the forward airhead would becoms the central supply base,
as weall the jump-off point for additional forces. Refueling for
airmodbile elements at the forwsrd airhead <(with airlifted fuel)
woulid obviate long trips to rear areas for fuel and supplies; this
optimum use of helicopters would greatly increise the mobility and
striking power of ground forces. The primary departure from
previous thinking was that airlift resources would be used as much
as possible in the airland role in low-threat arocs,vwlth airdrops
Iimited to initial resupply at the forward airhead and insertion
and/or resupply of isolated units in the field. Mobility of
foroes onoe in the field was assigned to integral airmobile units,
while aizrlift was to bDe used ¢to its Dbest advantage in. the
low-threat airland mode. Large airdrops at or near the battle
area, long a staple of Army and airlift plannars, were ruled out
as too oostly in terms of both attrition and inefficient use of

atriift resources (Ref 2).

13




Isplications for Airlift. At the same time Aray employment

conoepts ware being crystallised, various other airlift
requirements were firmly identified, with the end result that
tactios and training for theater airlift forces could be optimised
for accomplishment of a speocific mission -- a luxury not
previously enjoyed by tactiocal airlift forces. This required
oconsiderable reovienting of theater airlift training programs,
since Alaskan units had been training for the same broad spectrum
of employment as all other MAC tactiocal airlift units. It was
found that many procedures (?ueﬁ as mass airdrops and low-altitude
parachute extraction of oquiﬁﬁaut) were not necessary or suitable
for operations in Alaska, while others which would be needed (such
as special-operations-type ’atrdtops and bulk fuel resupply) were
not being practiced to the extent required, tf at all (Ref 135).
The end result was a training program customized for Alaskan
t rees; this marked a signiticant departure ¢from previous MAC
thinking in that theater-specific forces (as opposed to forces
liable to be deployed worldwide) were allowed to become emperts in
their own areas and to concentrate on efficient execution of their
respective theater contingency plans.

xer ARCTIC CIRCLE. By early 1880, the nlu‘ concepts of
Armay employment had been refined by planning sessions and
“greaseboard” simulations in command post ezercises to the point
that a large field exercise was appropriate. This exercise
daveloped into ARCTIC CIRCLE 80, conduoted in April 1980. It was
the first Alaskan exercise specifically designed to wmove a
battalion-sised force from the Railbelt area to the western
perimater of Alaska, a distance of more than 800 miles. Unlike

previous eserocisas in the theater, the sole objaotive of ARCTIC

CIRCLE was to move a battalion to the western perimeter
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(simulating a attack on Nome) via a bare-base forward airhead
with complete supply of ground and airmobile forces by airlift
(Ret 23). The actual move (from Railbelt to striking position
took three days, and although the operation was a success, it
pointed out that there were many factors yet to be ezamined
(Ret 2). Even with the success of ARCTIC CIRCLE 80, only a small
part of the theater contingency airlift system has been tested,
and even then with relatively favorable weather under controlled
peacetime oconditions. For instance, the entire wartime scenario
might simultaneously include not one but two or three
battalion moves, as well as resupply for forward fighter bases and
2 heavy non-combat logistios tasking. Moreover, a contingency
might last for weeks or months, and supplies from the CONUS might
be limited or late in arriving. Since the system was built
fargely piecemeal as various requirenments appearad, the
projected ability of the Alaskan airlift system to cope with an
actual contingency rests on s relatively limited and largely
theorstical foundation. The system as it now exists has
never been examined from an overall, [ong-term aspect, and
recent discussions with Alaskan afrlift planners and with
their counterparts at the Military Afrlift Command indicate that
no such evaluation is oontemplated, although recent exercises
such as BRIM FROST 81 have paid muoch more attention to the atrlift

role.

Problen Statement

Civen that airlift is a vital ftactor in any defense of

Alaska, the first part ot the problem is that an overall Cnll'lll‘

of the wartime operation of the theater airlitt system needs to be

undertaken. Such an analysis ocould be obtained Dby actual
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full-scale execution of the theater contingency plan. Even for a
theater with forces as limited as in Alaska, however, such
execution would be prohibitively expensive and would consune
difticult-to-replace resources, and could additionally compromise
the plan itself. Another approach ocould be to conduct several
separate, smaller exercises, each testing various parts of the
system. This, in fact, is what is being done, but cost
constraints and a substantial day-to-day operational wmission
severely limit size and frequency of exercises, while pescetine
operating restrictions dictate much decreased realism. Also, such
piecenaal testing cannot evaluate intersctions among system
tomponents, which could be a major factor in actual wartime
operation. Moreover, multiple actual executions or series of
exercises would be required to assess the affects of different
climatio conditions, which in turn could vary widely depending on
both season and actual battle area location (Raf 2).

Basis for an Alaskan Airlift Model. One feasible method for
an overall analysis of the Alaskan airlift system {(or of any such
airlift system) would be construotion and use of a oomputer
simulation model. (Reference 20 provides an excellent outline ot
advantages and drawbacks of models in this type of application.)
Use of an existing model mnight be convenient, but no suitable
models exist. The MAC M-14 model is designed exciusively for
strategic (intertheater) airlift (Refs 8 and 11). The MAC
Taoctical Airlift Model (TAM), a development of the Air War
College's Theater Airlift in the (Centrai) European Theater
(TACET) wmodel, is almost ready for use, but does not
satisfactorily examine several factors which would be of prime
interest in Alaska, such as risk, attrition, and ocertain torward

base limitations. Additionally, the TACET/TAM model is based
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primarily on a central European scenario, which does not envision

long-distance mass movement of foroces by air to an austere forward
airhead <(Ret 21). Some older intratheater atirlift models are
available, but likewise do not satisfactorily treat factors which
would wmost likely drive Alaskan operations (Ref S). This points
out a fact which underlies the modeling of theater logistiocs
systems (including airlift) -- no two theaters are alike, and a
model! which accurately reflects one may be totally inappropriate
for another.

Although it might be possible to create a model which would

examine every aspect of Alaskan airlift, such a model would
require consideradble resources -- the MAC M-14 model, for example,
took more than three years to oconstruct and is not yet fully

operational (Ref 8). Fortunately, the original TACET wodel o¢an

L da sy Lo

provide a conceptual framework for construction of a speocialised
Alaskan model. As mentioned, however, TACET docs.not address some
: factors which would be of interest in Alaska, and further includes

some aspects which would not applicable in Alaska (Ret 8).

g aond

Additionally, a full-scale adaptation of TACET would be in many

s

respects too detailed for a time-constrained (first look at an
essentially untried theater airlift oconcept. Therefore, a
socaled-down model inocorporating some features of TACET would seem
to be a feasible avenue of approach to the problem of analyzing

Alaskan theater airlift.

e e e ..

Summary. The remainder of this thesis will discuss the
conceptualization, developmant, and application of an Alaskan

theater airlift model. Chapter Il will exmamine the Alaskan

e v }‘_“"'W‘:r cadic LintFadii i ot Labid

airlift network from a systems approach and will outline the
conoceptualisation of the wmodel. System boundaries, funoctional

i ‘ organisation, and operational “flow’ will receive partioular

17
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attention. Chapter IIl will i{dentify the major components of the
system and discuss the assumptions and limitations which were
required to incorporate thase components into the model. Chapter
v will describe the actual computerization of the model;
selection of the simulation language will be discussad and wmodel
structure and special features will be outlined. Chapter V will
cover the verification and validation of the model and will
briefly examine a few of the problems encountered in this area.
Chapter VI illustrates the use of the model for analysis. A
representative scenario is constructed and a soreening experiment
is executed to identify factors which significantly atfest system
performance. The two most important of these are then analysed

and oconclusions drawn about their effects and interactions.

Lastly, Chapter VII offers conclusions and recommendations based

on the model and the analysis.

17
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I1. Conceptualisation

This ohaptear will examine the Alaskan airlift network from a
systems viewpoint. First, the system will be described and the
influences acting upon it will be identified. The system will
then be broken down into its functional components, which will be
individually examined. Finally, system operation will bhe
illustrated by following an airorew through & typical ocrew duty

day in a wartime scenario.

System Deasoription

Following the TACET framework, the first step in developing a
model should be to describe the system to ba simulated, as well as
identify associated constraints, inputs, interactions with
external systems, and measures of systan effectiveness. TACET
defines the functional bounds of an intratheater airlift system as
"all of the ground, flying, and decision activities performed in
direct support of the taoctical airlift mission,"” a definftion
which is appropriate to Alaska as we]l as Europa (Ref 20:1V-11).

Theater Influences and System Boundaries

As in Europe, the Alaskan airlift system reflects the theater

in whioh it is located. Unlike Europe, the Alaskan logistics and

communications networks are highly ocentralised, with a single

e mae o

major urban center (Anchorage) which provides almost all goods and
3 ' .

~ services to the remainder of the theater. Anchorage is both the
major point of entry for goods from outside the theater and the

; major point of origin for distribution of goods within the

»

" theater, and (s additionally the center of the theater
| 5 communiocations network. The two major military installations in
18
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the state are also located at Anchorage (Elmendorf AFB and PFort
Richardson). Although there is a secondary urban and military
center at Fairbanks, the Fairbanks complex serves primarily as an
intratheater transshipment and distribution point.

In general, then, virtually all external inputs to the
Alaskan theater are funneled through Anchorage, and from a theater
viewpoint almost all intratheater movements ocan be oconsidered to
begin there. It is important to note that some external inputs
can and do enter the theater at Fairbanks; however, the =means ¢to
move these inputs to theater destinations are usually based at or
in some way dependent on the Anchorage complesx. In any ocase,
intertheater transportation systems such &s oceangoing container
ships or strategic airiiftt aircraft are rarely used for (and are
usually unsuited for) intratheater movement.

The high degree of oentralization of the Alaskan theater
allows the theater airlift system to operate almost ocompletely

free from non-theater interactions, since inputs from "Quiside®

need only be reflected as constraints or inputs upon the Anchorage
complex. (Relatively 1little ocargo originates in Alaska for

“Outside destinations except for crude oil from the pipeline

tetminus of Valdezx and timber and raw materials from the

o
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Southeastern aresa; neither of these outward flows affeots the
central Alaskan logistios system.) As far as the Alaskan mnilitary

ajirlift network is concerned, all crews, maintenance activities,

and major serial port facilities are located at Anchorage, and all
- . nissions are dispatched from and nust ultimately return there,
4

even though some missions may begin and/or end elsewhere in the

theater. Other bDases and airports in the theater are viewed

- I
i. striotly as transient bDases with no maintenance, fuel, or crew
ii; rest facilities and with limited carge handling and tratffic flow
3
' oharaoteristiocs.

-
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The "movers" in this systen are theater airlitt airoraft,
which in Alasks are exclusively C-130E Hercules aircratt. The
items moved are individual aircratt loads of various general typas
(called ‘“ochalks” or ‘“missions”) which are presized to meet C-130
limitations. Missions become available for movement at specitfio
times and may originate or terminate at any base within the
system. A n!iston must ba "picked up” at its originating location
and is not considered complete until it has been offloaded at its
destination (or last destination, if a multiple-leg mission), at
which time it is no longer a faotor in the system. An aircratt
can handlie only one chalk or mission at a time and must follow the
prescribed itinerary of its assigned mission until the mission is
complete or is temporarily terminated due to an abort or other
unanticipated development.

On arrival at a base, an airoraft must la- . taxi to parking,
and offload (if required). It at homa base, tha aircraft must
then undergo maintenance checks and refueling. At all locations,

the mission is then ochecked for complation: if complete, an

attempt is made to schedule another mission; {f not aqomplete,

scheduling is not attempted. After mission completion check and/or

soheduling, the airoraft must then onload (if required), tazi out,
and takae off. After departing a Dase, the aircraft prooceesds to
its next destination; enroute, it is subjeot to weather, threat,

and agochaniocal oconsiderations. I1f adverse oonditions are

A e — o o

encountered, the aircraft may be adorted to home basa and its
assigned mission removed and made available for other afroraft.
: On arrival Iin the vioinity of its destination, the airoraft
; executes an approach and enters the destination base sequence of

events as as desoribed above.

20
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Causal Relationships. The primary output of the system is
completed missions, which in turn refleots various measures such
as tonnage airlifted, Army units moved, eto. Ezecution and
completion of missions depends direotly on availability of

aircraft to tly them. For a given series of mnmissions and

conditions, tewer airoratt available logically means fewer
missions completed in a set period of time, or (as is the case in
practice) a longer time ¢to ocomplete all required missions.
Airvcraft availability, in turn, is dependent on actual numbers of
airoratt, number of ocrews, and maintenance capability. Fewar
airoratft or orews or decreased maintenance capability would lead
to fewer aircraft available and thus to a degradation of mission é
completion capability. Given aircraft available, the ability to
complete missions is atfected at individual locations by
cargo~-handling capability, avajlable ramp space, and traffic (flow
limitations resul ting from physical airfield oconsiderations
(number of airoraft on approach, number of runways, etc.).

Enroute, aircraft movement and thus mission completion are
affected by weather, threat, and mechanical problems, which may
cause an aircraft to abort or even to be lost. Alse, and
particularly in Alaska, distance between bases ﬁllys a large
factor in airoraft operation. Various factors are affected by
season: winter means oold temperatures, which generally cause
longer servioe times for cargo handling and maintenance, which in
turn degrade nission completion. Colder temperatures also affect
atroratft operation directly, in that longer warmup times are
required and maintenance problems can increase in number. Season
also aftects weather, with winter dbringing more pariods of fower
ceilings and fog, whioh In turn result in mission delays and

aborts. Bad weather also atffeots threat by creating conditions in

L arac A A el YA
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whioh airlift aircraft ocannot effectively use concealment tactios;
it threat is too high, missions either are not attempted or mnust
face enroute attrition, with resulting negative impact on mission
completion. The accompanying causal Jloop diagram (Figure 2)

outlines these relationships.

Sortie Fhases
The TACET model defines three activity phases for each

airfield: arrival, ground, and departure; the arrival phasa also
handles the enroute function of transferring aircratt from base to
base. In the ocourse of transiting these three phases, the
aircraft is run through an entire sortie sequence. In the Alaskan
model, the three TACET phases need to be modifiad to reflact the
natural flow of the system; additionally, to better break out
threat and weather funotions handling in the TACET arrival phase,
a fourth phase mnust be added for enroute activities. <(Ret
20:1IvV-21).

For the Alaskan model, the ground and departure phases ocan be
redefined to more acourately divide inbound (offload, maintenance,
refueling), dispatch (mission completion check and scheduling),
and departure (onload) activities. With the inclusion of the
separate enroute phase, an aifrcraft in the Alaskan system would
pass through Departure, Enroute/Approach, Arrival, and
Continuation/Scheduling phases in the course of a sortie from one
base to the next. (A single mission, of ocourse, might require
more than one sortlo:) Figure 3 outlines these phases and what
each snocompasses.

Pepasture Phase. This phase begins as soon as an airoraft
has finished offloading and has been either scheduled for a naw

mission or prepared to ocontinue its ourrent mission. [f at home




Causal Loop Diagram

Figure 2:
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base and the aircraft has just been assigned a new mission, and it
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the new mission cannot be completed within the remaining crew duty

THeTR T
.

day of the present crew, the aircoraft must be paired with a rested
i orew before beginning onload; crew changes are not accomplished at
enroute bases. Next, the oargo (if any) for the ourrent Jleg of
} i the assigned nission is onloaded. The airoratt then starts
engines if it has been on the ground long enough to have required
b that engines be shut down. On engine start, the airoraft is
subject to maintenance malfunctions which may result in delay,
i abort, or grounding. If engine start is successfully completed,
‘ the atroraft tamis out and takes off. If at a base with traftfic
limitations, another aircraft may be on approach/tazxi-in or
taxi-out/takeotf; if so, the departing aircraft may be forced to
wait before taxiing and/or taking off. After takeoff, the
airoraft must depart the local area before entering the enroute

; phase.
i n te/ roach h . When takeoff and departure are
completed, the aircratt enters the enroute phase, which takes it
up to final approach and landing at its destination. 1In this
phase, the aircraft is assigned an enroute (flying ¢time and is
subjeot to abort from mechanioal failure, unforecast weather, or
increased (and unacceptable) risk. 1If conditions so dictate, the

airoraft also undecrgoes a risk of attrition: different

TR W ST

combinations of weather, threat, and escort availability produce
various levels of risk, whioch in turn govern attrition rates. I[In
extremes cases, an aircraft can be lost to the system in this way,

f slong with its orew and cargo. It aborted, the aircraft remains i

: in the enroute phase but is automatically directed back to home
- base, with an appropriate enroute time assigned. The enroute

phase also covers arrival in the destination area: if the

| 23
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destination base has an approach suitable to the weather

conditions, or if the weather is VFR, the aircraft is permitted to
make a successful approach. If the weather is below minimums, the
airoraft may or may not be allowed to try the approach with the
hope of "breaking out" in ¢time to land. If unsuccessful, the
airecraft is aborted to home base (remaining in the enroute phase).
Once an approach is successful, the aircraft proceeds to the
arrival phase.

rrival hase . After beginning a successful approach, the
aircratt complates the approach, lands, and taxis in. At bases
with traffic limitations or with limited ground space (maximum
number of airoraft on the ground, or MOG), the inbound {trcra!t
may have to wait for an airoraft on the ground to depart; this
holding would be oconducted in the immediate vicinity of the
destination base. Once parked, the aircraft is unloaded (if
required); engines are kept running unless ground time is
anticipated to be long enough to require shutdown. If at home
base, the airoraft then undergoes maintenance, oonsisting of
mandatory minor maintenance and any required repairs to major
systems; following maintenance, the airoraft is refueled. Af ter
offloading and/or maintenance, the aircraft proceeds to the
continuation/scheduler phase.

Continuation/Scheduler Phase. Before proceeding to the
departure phase, the airoratt is checked to determine if it has
completed its current mission. [f the mission is not oomplete
(i.0.., more sorties or "legs" are required), the aircraft is
configured to refleot requirements for its next leg and then sent
on to the departure phase. 1If not at home base, the airoraft is
also subject to maintenance problems which might have ooccurred

during approach, landing, or engina shutdown (if required); these

8
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problems may require that the airoraft abort to home base or be
grounded at its ourrent location, or more probably will simply
delay the airoraft's entry into the departure phase. (These
enroute maintenance problems would normally not prevent oftfload,
but would affect mission continuation or rescheduling; therefore,
they need not be taken into account until the continuation cheok.)
It an aircraft has completed its mission, it is ready to take on
another mission, as determined by the soheduling function. It a
mission is soheduled, the aircraft proceeds to the departure base.
It not at home base and no mission can be scheduled, the aircratt
is routed direotly to home base; if at home base, the aircraft |is

held until a mission becomes available.

t eration

Perhaps the operation and limits of the Alaskan airlift
system oan best be illustrated by following an airocrew through a
sample 168-hour orew duty day, as shown {n Figure 4. It s
important to note that this will show operation in a wartime
scenartio; some of the procedures and techniques mentioned are
commonliy used in “high-flow" situations and oan often
substantially improve ground and enroute times ov;r "standard”
times. (The duty day illustrated is similar to one which the
author actually executed during ARCTIC CIRCLE 80 and is typical of
what would be espected in support of a major Army move to western
Alaska in wartime.)

Txpical Mission. At Elmendorf at 0800, a fresh orew arrives
at the airoraft to supervise the loading of an Army chalk bound
fot Granite Mountain Airport (an austere forward airhead 600 miles
northwest of Anchorage); the ochalk oconsists of 1S troops and

personal equipment, a "GAMA COAT" (artioculated siz-wheeled Army

e ———————_— .
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SINGLE AIRCOEW, SINGLE AIRCRAFT, 16-HR CREW DAY

Figure 4: Typical Alaskan Airlift Mission
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all-terrain truck), and mnmiscellaneous non-palletiszsed equipment.
With the help of Aerial Port load teams, the onload takes less
than a half hour. Engine start and warmup take another ten
minutes; minimum delay is experienced on taxi-out and departure
and the airocraft is airborne and out of the Anchorage area by
0700. After orossing the Alaska Range and about halfway to
Granite Mountain, the crew descends to 300 feet above the ground
to begin low-level terrain-following tactics; this is necessary

because snemy fighter activity is possible in Western Alaska and

escort will not be available for this mission. Fortunately, the

weather is middle-level overcast, which provides near-perfect
cover for the unarmed airlift aircraft while still allowing full
eumploymant of terrain-following tactics. Following a preplanned
low-lavel ocorridor which avoids known and suspected enemy ground
forces, the crew makes good a planned arrival time of 09830

overhead Granite Mountain. However, there are already two.

airoraft on the ground and no space for another aircraft, so the
inbound orew orbits at low level a2 few miles from the field until
one of the airocraft on the ground takes off. After landing at
10035 on the partially snow-covered gravel runway, the crew must
turn around and back-taxi down the runway to the small offload

area. While taxiing, the loadmaster opens the ramp and door to

- A a2

expedite offload and begins to remove the tiedown chains from the

vehicle. As the aircratt pulls into the parking area at 1010, the

“ o4 GAMA GOAT is started and the troops have thetr gear in hand; when

the aircraft is finally stopped, engines are left running since

L ground time is expected to be very short. As the aircraft stops.
the last tiedown chain is removed from the vehicle, the cargo ramp

is lowered to the ground, and the vehicle is driven oft. The

i a1

troops offload their personal equipment and then return to assist
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the loadmaster in removing the thousand pounds of miscellaneocus
equipment (ammunition, radios, and food); the offlocad is completed
at 1020, having taken only ten minutes.

During the offload, the crew is advised of its next mission
by the forward-base aerial port load team: there are severa! Army
personnel who must return to Calena Airport (being used as an Arny
helicopter staging base) and two pallets of damaged helicopter
support equipment to return to Wainwright AAF (at Fairbanks). The
returning Army personnel] board immediately and the pallets are
loaded one at a time with an all-terrain forklift after the
inbound load is offloaded. The return load is on board by 1040
and the pilot ta:is-to the end of the runway for takeoff; engines
were never shut down during the 30 minutes in the parking area,
thus saving 10 to 15 minutes on departure. By 1050, the crew is
out of the Granite Mountain area enroute to Galena, flying
low-level wuntil out of the possible enemy threat area. Arciving
at Galena at 1150, the pilot executes a straight-in VFR approach
and ta:ti directly to the parking area. The passenger-only
offload takes only a few minutes and the aircratt is airborne
agytn by 1203 enroute to Wainwright. Since there is no threat in
this area, the tlight to the Fairbanks area can be conduocted at
normal altitudes (15000 to 25000 feet). Arriving at Wainwright at
1310, the pilot is able to make a no-delay approach and landing
thanks to Wainwright's twin runways; offload is completed by 1330.

While offloading at Wainwright, the engineer notices that
number three engine has lost considerable oil; after shutting down
the engine and performing a quick inspection, the problea is
diagnosed as a worn o0il line whioh should De replaced. Sinoce
there are no maintenance facilities in the Fairbanks area ocapable

of dealing with the problem, the aireraft ocommander and the
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engineer decide that the leaking oil line will parmit safe fIight
back to Elmendorf. Since there are no loads at Wainwright bound
tor Elmendorf, the aircraft departs empty for home at 1345.

Before departing Wainwright, the pilot advises the Elmendort
command post of the maintenance problem and his intentions; the
controller at Elmendort agrees with the plan and advises
maintenance personnel, who meet the inbound aircraft on arrival at
1445 and begin work immediately to replace the faulty line. As
soon as the oil line is replaced and saveral minor problems are
ocorracted, the airoratft it refueled, with the entire
maintenance/refueling process complete at 13530.

The next mission is another Army chalk for Granite Mountain,
this time consisting of 30 troops and personal equipment, plus one
pallet of ammunition. The troops, cargo, and a load team with
forklift are at the aircraft Dy the time maintenance is finished,
ready to bagin loading. S8ince the projected mission duration
(outbound and subsequent return to Elmendorf) is only about six
hours, the orew should be able to return home before the end of
its 18-hour orew day at 2200; thus, a new crew is not required.
The loading is complete at 15350, engines are started without
inocident, and the airoraft is airdborne by 16185.

The aircraft lands at Cranite Mountain at 1845 with no delay,
and the offload is ocomplete at 1800. There are no loads at
Granite Mountain for Elmendorf, and since the crew does not have
suffioient orew day left to begin a mission for any other bDase,
the atiroraft departs empty toi home at 100S. The orew finally
leaves the airplane at Elmendorf after shutting down engines at
2130, ten minutes short of a l8-hour orew day. Enroute to Dbegin
their 1l2-hour orew rest, the old orew neets the airoraft's new

ozew at the command post; the old orew gquickly briefs the new cocrew
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on enroute oconditions and on the airoraft status, thus allowing
the new orew to take the airoraft without a time-oconsuming full
pretlight inspection. The retiring ocrew then departs for orew
rest.

With minor alterations in load and destination, this socenario

is repeated until all missions are completed. As can be sean, the

el dembainm 4

Al askan theater airlitt system operates largely on a
"line-of-sight” scheduling basis during a major move, wi th
missions being assigned to aircraft as they become available, and
with mission exacution being dependant almost completaly on well

defined factors within the system itself.

Summary

This chapter has outlined the oconceptualization of the

Alagkan airlift system. The system is basically (ndependent of
outside interactions and ocan Dbe visualised as & closed network
through which aircratt carrying missions can oirculate. This
ciroculation ocan be viewed as a four-phase cycle, with each phase
representing a functional division of the system. In order to
move from one base to another, an airoraft passes through each of
the four phases in a prescribed sequence. The next chapter will
treat the bDreakdown of the system into its components, and will
disouss the assumptions and limitations which were necessary to

tit these components into the context of the simulation model.

n
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I11. Assumptions and Limitations
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Inputs, Consgtraints, and Interaotions

Having examined system operation, it is necessary to more
ciosely look at the various factors affeoting the system with

regard to their incorporation in a model. These factors fall into

three major categories: inputs, constraints, and interactions. In

PR
-~

the Alaskan system, Alaskan systeom, inputs are airlift mission
. requirements (reflected in number and type of missions to ba

b performed) . Constraints constitute the "built~in" factors which

Y

serve to limit system performance. Some oconstraints may take the
form of fixed parameters, such as distance between bdases, while
others may be variable to some degree, such as ocargo handling
capability at forward Dbases, while others, such as orews and
airoratft, may be very much controllable. For the Alaskan system,
constraints are airlift airoratt, airorews, available theater

airfields (and their individual physical limitations), ground

support (e.g., maintenance and ocargo handling capability), theater

geography, weather, and threat (a combination of weather, enemy

action, and escort availability). As discussad in the previous

ohapter, the Alaskan airlift system has few interactions with

other systems or external faotors Dbecause of the relative

isolation and selt-suffiociency of the theater. Where these
, interactions cannot be disregarded or viewed as inputs, they Dhave

been inecluded as oonstraints; examples inolude tighter

availability for esocort and ramp space available for airlift at

forwvard fighter bases. This ochapter will examine each of the

major inputs and constraints and the assumptions and limitations

required to incorporate each into a simulation model framework.
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Theater Airlift Requirements

In a wartime Alaskan scenario, airlift requirements for the
first weeak to two weeks of operation have beaen reasonably well
fdentified. Although the actual figures are classified, the
general nature of air!ttt misstons to be performed is not. The
most immediate misstons would consist of deployment of Air Foroce
fighter maintenance support packages to forward (tighter alert
bases in anticipation of increased ftighter aativity; another

series of missions would involve resupply by airdrop of the widely

% . scattered Alaska Acrmy National! Cuard Scout units in the western
part of the state. Regular logistios missions in support of the
Ground Contreclled Intercept (CCI) radar station network ocould be
espected to ocontinue at their normal rate (once or twice weekly to
. each site) and perhaps to inorsase if some of the 13 stations had
L been damaged in an initial attack.

Vithin a short time (as soon as two to three days) Army moves
- from the Railbelt to the incursion area would begin. The uission

- sequences for such moves could be expected to follow the general

pattern of the ARCTIC CIRCLE 80 exercise, which required more than
one hundred missions to move a battalion into helicopter striking f
distance of an enemy on the west coast. The ttnﬁ required to |
complete a one-battalion move could be as little ass a few days
(based on ARCTIC CIRCLE 80) or more than a wesk (Ret 2). 1If a

second battalion were to be moved to the field immediately after

®,7 0 W TURTT TNy Ty e T
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the first, the airlift requirement would inorease even more., since
~ tesupply mnissions for the first bDattalion would than be needad.
1£ all three battalions were to be moved as quickly as possible,
the airlift load might exceed 400 missions in the first two waeks

of wartime operation (a mission equals one load or series of loads

-t

pioked up and delivared, and may involve several sorties; eaoch

g 13
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sortie is one takeoff and one landing). Another source of
missions could be fuel resupply to forward fighter bases, should
their fuel storage capability be affected; such resupply requires
that one or more C-130s be dedicated indefinitely to a oontinuous
fuel! shuttle. There is a possibility that such a fuel shuttle
might be needed for Army forces as well] under some oconditions (Reft
2.

Return loads to the main bases are generalily a funotion of
the outbound mission flow, and consist largely of empty pallets,
squipment for repair, and personnel; these can be estimated based
on past experience. The major inbound mission load would be the
redeployment of forces to the main bDases after the incursion has
baen dealt with.

Mission/Load  Inteqrity. Although some missions would be of
an emergency or quick-reaction nature, most outbound loads would
be in support of major Aray movements or pre-identified Air Foroce
needs. Loads for these Lknown requirements have been well
identified and have been presizsed and planned for movenuent by
€C=130. Although it would ba expected that some of these Ioads
would be "broken" and that the advanoce loading plans would not
always be adhered to, model] simpliocity requires that loads be
regarded as integral units. In this way, loads can be treated as
individual entities to be moved through the system and the complex
process of load oconstruction and breakdown need not be modeled.
The relatively few aemargency or unplanned requirements would be
estimated and included in the overall mission input.

Each mission would thus represent a pra-sised C-130 load (or
“chalk", when referring to Army loads) whioh is available for
onload at a speacific base at or after a given "ready" time. Onoe

onloaded, the load must bda delivered through the system to its
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specified destination or destinations; once delivered, the mission
is complete and can be removed from the system. For purposes of
tracking mission completion, sach load/mission can be identified
by a unique mission number.

Load Types. The types of loads which could be expected to be
moved in Alaska (or in any C+130-oriented theater airlift system) : ?
can be broken into two gensral classes -- |loads requiring
materials handling equipment (MHE) and loads which do not. The
primary loads requiring MHME (forklifts or XK-loaders) are those
involving various amounts of palletiszed cargo, which could include

food, ammunition, fuel, or gensral supplies. MHE (s invariably

required to load palletized oargo onto C-130s, and MHE greatly
speeds the offload of such cargo. For Alaska, loads needing MHE
can be simplified into huo~qroupc: full and partial palletixzed
loads. Full palletized loads consist of four or five pallets,
while partial loads oconsist of three or fewer pallets and other
cargo which is non-~palletised (and thus occupy MHE for a shorter
period of time); the difference between the two is simply one of
time required for onload and offload.

Unlike many other airlift airoraft, C-130s oan offload

palletised ocarge without MHE; this proocedure is known as combat

%
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offload and consists of little more than sliding pallets down the
ajroraft cargo ramp direotly onto the ground behind the airplane.
However, combat offloaded pallets take up ramp space (which |is
sometimes scarce) and must be dismantled on the spot or dragged

clear by truocks or other vehiocles. Thus, although the airoraft

t can depart, ramp space is still blooked by the offloaded cargo.
Additionally, combat offload involves some risk to the cargo under
cartain conditions, and in any case the standard oargo pallets

S normally used are prone to damage. Since these pallets must be
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reused, and since ocombat offloaded oargo blocks valuable ramp
space and is often difficult to remove quickly, the combat offload
procedure would be wused in Alaska only as a last resort at
locations where MHE is normally available.

A great many loads in Alaska would not require MHE either for
onloading ot offloadling. These loads include passengers, rolling
stock, snowmachines and sleds, and non-rolling cargo which can be
“manhandled”. These non-MHE loads ocan be lumped together in terms
of time needed for onload/offload. There are exceptions, of
course, but these are primarily in onload times -- such as backing
a GAMA GOAT and 1-1/2 ton trailer up an icy cargo ramp with an
inexperienced driver. Most non-MHE loads, however, have
congsistently short offload times -- the GCAMA GOAT and trailer
whioch was so diffiocult tao back onto the aircraft can be driven
straight off in a matter of seconds at the forward bDase. Since
most time oproblems are expected to ooccur at forward bases with
limited facilities, and sinoe loads such as tha GAMA GCOAT would
not normally be onloaded at these locations during the major
outward push, non-MHE loads can be safely aggregated. (As an
additional factor, treatment of all possible non-MHE load
combinations would present an almost insuperabie probim in terms
of model complexnity.)

koad Times. Actual load times in Alaska have never been
dooumented, although most persons with operational experience in
the theater oan give good estimates. In summer, these tines do
not vary suoch from werldwide “standard" load times, but in winter
they are oconsideradly longer, particularly at forward locations.
As a baseline, the MAC Airlitt Center (ALCENT) at Pope AFB has
done extensive studies on time required to perform various basio

sctivities involving MHE under carefully measured oconditions. A

e e



single pallet offload with a forklift, for instance takes asbout
sevean minutes, while an onload would need about ten minutes (Ref
10). No formal figures are available for non-MHE aoctivities, but
these can readily be estimated. For Alaska, available “"standard“
figures oaﬁ be wused as a basis for non-winter activities; sinoce
distributions of these times are not available, and since expected
minimm, and maximum times ocan be fairly easily estimated,
triangular distributions are assumed. Since winter and cold
weather would most directly affect operations at austere forward
bases, winter ocargo-handling times at these locations can be
approximately doubled.

Airdrops. Airdrops play an important role in Alaska, and
several assumptions are required for thair inclusion in the model.
First, tformation airdrops would require a substantial increase in
complexity; therefore, airdrops are assumed ¢o Dbe single-ship
only. This is acceptable for an Alaskan model, since most
airdrops would be either single-ship or small-element missions
(Ref 1S); in any case, airdrop priorities can easily ba set to
insure simul taneous or nearly simul taneous scheduling of a group
of related missions. Second, only two types of loads are
permitted: cargo (including all types of equipment ‘drops which
require MHE for onload), and personnel (which do not require MHE).
Load times for bDoth types are equal and include extra time for
necassary briefings and for the more complicated loading
proocedures. Third, airdeops are not allowed to onload at
bare-base forward loocations or at CCIl sites, and conversely are
not allowed to ba exzeocuted at othaer than those loocations. (There
would normally be no nead to onload airdrops at forward bases in
any case, nor would there ba any need for airdrops in rear areas.)

All aizdrops (n forward sones oan be represented by airdrops at
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the appropriate forward base, since airdrops are not subject to

|
i
‘i
|

MOG or traffio limitations and thus will not be affected by

atroraft landing at these locations. (Afzdrop nissions

effactively bDypass the arrival and departure phases of destination

bases.) Lastly, all airdrop airocraft must return to Elmendorf on

completion of their airdrops; although primarily for model

simplification, this is often the case in practice, since most

T

airdrops originate at Elmendorft and sinoce special ajirdrop

equipment must be returned for reoyeling.
L Priority and Risk. As in any system where the number of
aA' items to be moved can exceed the capability to move them, some

' torm of prioritization is required. In Alaska this is especially

2 important, since the sequence in whioch Army chalks are moved can
} be c¢ritical. (For instance, the model must see that the missions

carrying MHE to & bare-base torwuid airhead are completed Dbefore

follow-on all-cargo mnmissions attempt to land there.) Priority

M)

can be represented by a single priority number assigned to each
mnission Defore it is input. Ties among missions of the same
4 priority can be bDroken by earliest ready time. This is a
i reasonable representation of the normal Air Force airlift priority

system, and follows very closely the actual praotioce used in

Alaska during exercises. Additionally, it threat is to be
considered, missions must be assigned an "acceptable risk level",

t which represents the risk of loss beyond which the mission will

not be undertaken. (For instance, the airdrop missions needed to
seocure a forward airhead may need to be flown at all costs, while
normal resupply missions to GCI stations may not justify any risk
at all.) Although the Air Force has no formal system to identify
risk in this manner, assignment of risk levels to missions is an

attempt to model the “de facto" prooess used by most planners and

. schedulers in such situations.
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Aircratt Limitations. Airlift missions in Alaska ocan be 3
i é broken into administrative and tactical classes based on =aission
; itinerary and airoraft ocapability required. Adninistrative

nissions are those which do not transit a threat area and whioh do i

not require low-level (tlight, assault landings/takeoffs, ot

airdrops. These are generally "milk runs” {n rear areas which are

required for routine theater logistios support, and can be flown

T

by airocraft in a degraded, non-tactical status. Tactioal
3 missions, on the other hand, require fully mission-capabdle
aircratt and can be usually be expected to encounter s threat

enviromment of sowme sort. Although there are, of course, as many

3

3

1

E ' possible levels of aircratt capability as there are items -on the
L Minimum Equipment List, it is convenient for modeling purposes to
¥ : use only the tactical vs non-tactical distinotion. It should be
noted that this is a departure from the normal Air Force use of

t
L,' the terms "“fully mission capable” (FMC) and “partially mission

| capable™ (PMC). In practice, almost all C-130s in Alaska are
routinely PMC for one or more inoperative or degraded systems,

even though these systems are frequently not required for taotical

Mt S cuiininiie sdiath Stk s

nissions. Thus, "“real-life” use of FMC and PMC has become riearly

meaningless; the author will, therefore, use these teras to

o TN
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represent “taotical wmission capable" and “non-tactical mission

capable" exclusively. (Tactically oapable aircraft ocan, ot
course, fly any mission.) Most missions in Alaska which can be

sccomplished by non-tactiocal airoraft can easily be identified,

v H
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and so mission input to the model ocan be expected to retleot this

- requirement .
- Summacry of Mission Aspumptions. Airiift requirements in the
- Alaskan system, then, oan be represented by uissions whose

) ’ progress can be tracked through the system and whose ocompletion
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can be readily identified. These nissions have ready times,
aireratt capability required, priorities, risk levels, and
individual m=mission numbers. Each mission also has an itinerary
consisting of an originating basea and one or more destination
bases (to be transited in sequence). Lastly, each mission
spacifies what type of load is to be onloaded and/or offloaded at

each stop along its itinerary.

Airlift Airoraft and Aircrews
Airocraft Types. The primary military airlift airoraft in the

Alaskan Theater is the C~130 Hercules, which is flown by all
curtently assigned theater airlitt units. Additionally, any
airifft augmentation to Alaska by CONUS forces would be by C-130
units only. Although intertheater airlift aircratft (C-1l41ls and
C-5s) might be used to move ocargo into the main bases {n the
Anchorage and Fairbanks arius, these strategic airliift asiroraft
are not suited for intratheater work and in any case would be of
muoh greater value in their strategic role. Th._ wartime Alaskan
airlift ¢tleat would also include Civil Reserve Air Fleet (CRAF)
airoraft, which are pre~identified civilian airoraft which would
come under Afr Force oontrol in a national emergency. The CRAF
contribution to Alaskan wartime airlift is relatively minor and
oould be assumed to operate completely independently of military
airliftt. CRAF ocapability would remain reasonably oconstant and
would be dedicated exlusivaly to non-tactical muaissions.
Accordingly, CRAF operations need not be modeled and CRAF missions
can be deducted from the ovesall airlift requirement Defore its
input into the military airlitt model.

Even with only C-130 aircratt in the system, some assumptions

nust still be made. First, it can safely De postulated that the
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Alasktan theater would receive sufficient warning to g¢generate all

airoraft prior to "sero hour”. Additionally, it is assumed that
any augmentation aircratt from the CONUS would be in place prior
to the start of the mission flow. Thus, all zircraft for model
use are considered to be available in FMC status at the beginning
of the simulation. (Since Alaska is assumed to be "on its own", a
model realistically should not consider augmentation or
replenishment of lost aircraft or crews.)

C-130 Model Interoperability. There are sufficient

differences between various models of C-130s (between the C-130A
and all other versions in particular) to prevent tull
interchangeability of aircraft, crews, and parts; some possible
augmenting CONUS units still operate the C-130A. Howaver,
ezxercises such as JACK FROST and BRIM FROST in Alaska have shown
that this problem need not ba significant. In practice, only
pilots and engineers would nead to bDe restricted to their
particular model airoraft; even then, many "A-model"” pilots have
ezperience in other types, and some "other types" pilots (such as
the author) have experience in “A-modeis”. In wartime, it is
reasonable to expect that more than a few pilots and engineers
could quickly become "dua} qualified” if the need arose. It oan
also ba expected that this process would be duplicated by
ma intenance personnel, for whom the distinotions between types are
less oritiocal.

In addition to being "dual qualified” if required, aircrews
can be considered equally capable with regard to capability to fly
various types of missions. Specifically, all orews in the theater
can be assumed to be ocapable of performing required tactical
maneuvers (terrain-following (flight, short ffold and mazimum

effort landings, and airdrops). This has been MAC polioy for many

years and has proven to be a viable concept.
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A primary limiting factor on crews

Grew Day Considerations.

is the crew day/crew rest cyocle.

In peacetime, orews are Iimited

by MACR $5-130 to sixteen hours from initial preflight briefing to

completion of the last official postflight activity (usually soon

after the last home offload or engine shutdown); ¢this limit s

twelve hours if the mission any of the previously listed tactiocal

saneugvers. Crew day is limiting in that a crew cannot undertake a

new mission which would require that it exceed its crew day; on

the other hand, missions once begun will normally be finished

regardless of expiration of crew day. For model simplification,

crew day length will be uniformly applied to all crews regardless
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of type of mission.

In practice, crews in Alaska usually return to Elmendorf to

crew rest except in special circumstances; in any case, orew rest

in wartine would not be planned for outlying bases except in

emergency oonditions or for a grounded airoraft. The model,

therefore, can assume that al]l orews will begin and terminate -

their duty periods at home base, regardless of conditions which

say keep them "in the system"” in excess of their crew day. The

minimum time between the end of one ocorew duty day and the

beginning ot the next is twelve hours, which provides for eight

hours of sleeap and time for pre- and postflight personal

kel <)
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acotivities. Regardless of orew day langth, the l2-hour crew rast

period has been proven to be the minimum acceptable on a long-term

3
-

= 4 basis (more than a few days). Therefore, the model assumes that

»

3 . the 12-hour orew rest period is wmandatory between orew duty

periods and cannot be interrupted once begun, and that all orew

rest and ocrew changes nmust ba conduoted at home base.

Under normal conditions a crew's duty day includes

consitderable time DbDefore takeoff for preflight briefings and




E inspections -- somstimes up to several hours. In major exercises,

o this time has bean reduced significantly by use of nonflying crews

to preflight aircraft, pertorm flight planning, and prepare and
give briefings. It can be assumed that this would aiso be the
: case in wartima Alaska, and that crew day for flying crews will

start at beginning of initial home-base cargo onload and end when

the last home-base offload is completed. (The model mnust assume
that all crews are flying orews; "overhead” crews are assumed to
be available.) Additionally, the twelve-hour crew rest pariod |is
considered to begin immediately upon completion of crew day, and

crews are available for reassignment immediately on completion of

orew rest. For model! simplification, crews are assumed to be
indefinitely available for assigrment on completion of crew rest;
in reality an "alert window” of about six hours would be used,
after which & orew would be returned to orew rest. i!kn some
other features of the peacetime system, the alert window might be

! subject to very liberal interpretation in wartime.

4 Airfield Types and Limitations

As night be expected in & large and essentially roadiess
region, Alaska has a great number of airfields, of which over 200

have been identified as potentially wusable by C-130 aircraft.

o N

However, in the initial wartime scenario only a few dosen of these
would be of concern, and these could be further grouped into two

representative classes: main base oomplexes and forward-area

e e N . B e

‘ airfields.
Main Bases. Main DbDase complexes are considered to be the

only airtields of importance in the Railbelt region, and consist

of aggregates of major airfields in the Anchorage and Fairbanks




areas which are treated as single entities for modeal
simplification. Elmendorf AFB and Anchorage International Airport
can be oombined into the Elmendort comples, while Eielson AFB,
Vainwright AAF, and Fairbanks International Airport constitute the
Fairbanks complex. For theater airlift purposes, each of these
complexes is considered to have unlimited ramp space and
cargo-handling ocapability. (Parking areas are, in fact, very
extensive at these locations, and Army load teams are ssxpected to
significantly contribute to cargo~handling capability.)
Maintenance and refueling for C-130s, however, is limited to
Elmendorf; maintenance considerations will be discussed shortly.
Each main-base ocomplex ocan be considered to have no traffioc
Ilimitations thanks to multiple runways, taxiways, and instrument
approaches, thus allowing aircraft at these locations to taxi,
take off, and land simultaneously.
' Eorward Bages. All forward-area bases are oconsidered to have
i traffic and cargo handling limitations, which usually vary from
location to location and which can be regarded as resources
particular to each such base. Forward-area bases ocomprise three
categories: all-~weather airports, GCI sites, and bare-basa forward
airheads. All-weather bDases include military jolﬁt-uso fields
such as Galena and King Salmon and larger State airports such as

Bethel and MoCrath. These airfields have paved runways, precision

Sy VP

instrument approaches, regular runway maintenance and snow

removal, communications facilities, and usuzlly some MHE.

— o

Bare~-base airports inoclude all other airfields -~ including
forward airheads -~ whioh are essentially VFR-only and whioh
generally require use of assault landing and takeoff procedures.

- Bare-base airfields are usually unpaved, lack regular maintenance,

and often have no permanent facilities. In some cases, they may
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de abandoned military, mining, or oil exploration airfields which
Z; ware originally built for C~130 use but are now in various states
of disrepair. CCI sites are physically similar to bare base
airtields but differ in that they have regular maintenanoe,
limited instrument approach capability, sone MHE, and
communiocations faoilities. However, GCIl sites have only a minimal
, aission load, even in wartime (unless a CCI site were to De chosen
as an Army airhead) and so can be treated in much less detail than
other forward area bases involved with major mission flows.

Forward Bas Sat . Of key importance is that all
forward airports have a2 maximum number of aircraft on the ground
(MOG) which is used as a saturation point. MOGs at all fields are
based on available ramp space only, and airoraft arriving at a
saturated field must held until space is available. (MOC st

forward fighter alert bases is considered to be based only on that ;
i portion of the airport regularly available for airlift use;
likewise, ground support and traffic limitations assume dedicated

resources for and wninimum oconflict between airlift and fighter .

f. airecraft.) In general, saturation at forward bases is avoided Dby
scheduling mnissions at intervals which keep holding to a minimum;
this is particularly important in wartime b.caus; of threat
considerations and the ever-present nesd to keep wasted flying
time to a minimum. For this purpose, a separate "flow rate”

figure bDased on MOC and anticipated average ground time can be

e . 2

gsad; for the forward airfield at Cranite Mountain (used in ARCTIC
CIRCLE 80), this figure was found to be about three ajroratt per
; hour. Because of ocommunications limitations in most of Alaska
(VHF and UHF are useless at very low altitudes and MF is usually

only marginally reliable) aircraft are assumed to be completely

N “out of touch” while enroute in forward areas; acoordingly,
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missions onoce dispatched cannot be held or called back -- the
nodel's only control over forward base saturation, then, is in the
scheduling process.

C;rgo-HandIing Capability. Cargo handling ocapability oould
become a faoctor at forward bases even though almost all otffloads ;
at such locations could be aocomplished wfthout MHE if absolutely |
required. However, use of MHE has been found to ezpedite forward
base operations and is desirable if at all possible. Al though
some attention has been given to use of a specially modified

LSK-loader at forward airheads, all-terrain forklifts have bDeen

the standard item of MHE in the field because of genarally adverse

conditions at most forward airheads (mud, snow, uneven ground, and

lack of maintenance). In any case, these two types of equipmant

can be considered to constitute all forward-area MHE in Alaska.

Fighter alert bases such as Galena already have small
in-place aerial port detachments with MHE; GCI stations usually
have a single forklift and operator (which is normally sufficient
for their very Iimited needs). At bare-base airheads such as
Cranite Mountain, MHE and accompanying Air Force personnel would

be airlifted in on the 1first few aircraft to land. For model

purposes, all MHE and Air Force personnel are oconsidered to be
aboard the first aircratt to land at a bare~base forward airhead.
Further, all MHE (at any location) is assumed to have sufficient

. operators and support to allow it to operate around the cloack.

A - aas n

While MHNE is desirable for offload, it is essential for

onload of palletized equipment. At forward airheads, however, the

4

F : heavy initial flow is outdbound from the main base areas, with MHE

- . onloads at these locations limited largely to empty pallets, empty

E ' fuel bladders, and the odd piece of damaged equipment being

E;: ' tetutned for repair. Accordingly, MHE at Dare-base forward
r

g
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airheads would probably be less qritical during the the inftial
outward push than during a redeployment. Accordingly, the model
assumes that offloads can be accomplished if need be without MHE,
while onloads always require MHE.

Nuymber of Biges. In iost exercises concerned with wartime
Alaska, airlift activity has been centered on a handful of bases:
the main bases at Anchorage and Fairbanks, a forward Army airchead,
and one of the forward fighter alert bases used as a staging base
for the move to the Army forward airhead. Thus, for a preliminary
model such as the one currently being discussed, the important
aspects of wartime airlift in Alaska can be captured in a
five-base network: the two main bases, a forward fighter alert
base; a forward Army sirhead, and a single GCCI-type base (which

can represant all suoch bases because of their low rate of use).

Airocaft Maintenance and Reliability

Even though aircraft reliability and maintenance must be
considered in an Alaskan theater model, it is not the purpose of
the author to conduct an in-depth analysis of maintenance data for
C-130s in general or for Alaska in particular. Since this data is
not well organised and in soma cases is not avall;bla. such an
analysis would in itself constitute a major project. Further,
there ocan be no attempt to model the home-base maintenance
activity system in more than minimal detail in order to maintain
®model simplioity. Therefora, airoraft reliadbility and maintenance
acoountability will be modeled only in a very broad-brush manner.

Maintenanoce and reliability affect the Alaskan airlift system
in two ways: by ocausing aircraft to need extra time for
troubleshooting and repair and by ocausing airocratt to abort

underway mnmissions. The former reduces aircraft availability for
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scheduling at hop. base and also delays airoratt with mnissions
already assigned (both at homs base and at outlying loocations).
Aborts are more disruptive to the mission flow since they require
an aircraft to interrupt execution of its assigned mission and
teturn to home base; aborted missions must usually be assigned to
another aircraft, almost always with extraza delay involved for
offloading, rescheduling, and onloading.

Home Base Maintenanoe. As previously discussed, all Alaskan
C-130 maintenance capability is confined striotly to Elmendorf and
considered to be essentially unlimited in terms of manpower,
equipment, and parts. The desired purpose of the maintenance
function in this model is only to reflaeact the delays which
aireraft would incur for required maintenance on each transit of
home base, and a detailed treatment of the maintenance network is
unnecessary. (Study of mnlntcnanp. networks has already been the
topic of several intensive analysis efforts, &nd is bayond the
scope of this model.)

Al though the author had a '"ball-park" idea of what these
maintenance delay (figures should be, attemnts werea made to find
existing data for confirmation and refinement. The (first source
considered was Air Force Acquisition and Logi-t;ol Division
CAFALD) Pamphlet 800-4, "Acquisition Management Alzoratt
Historical Reliabiiity and Maintainability Data.” This doocument is
one of the most comprehensive of all maintenance summaries for Afr
Force airocratft, and provides data for all models of the C-~130 back
to 1872. Data from this dooument oan provide an exact number of
“maintenance events” for sach major aireratt system for a given

period, and oan as well give an average number of manhours spent

on sach event (Ref 1l).




However, this data was found to be of [ittle help in this
case, sinoce the manhour (figures could not be related to actual
delay encountered by each aircratt (average number of men working
on each problem was not available). Further, no time distribution
could be found because the figures gave only total numbers of
aotivities and manhours per system. And lastly, even the average
tigures were tqr too high to be reconciled with the author's
experience. Although these figures may be representative of the
cost in manhours to operate a C-130 fleet in peacetime over a long
period of time, they do not reflect the actual figures which
affeot day~to-day ftlying operations. In particular, these figures
are nearly an order of magnitude higher than the real-life delays
which the author sncountered during exercises which approximataed
the conditions under consideration for this model.

Another source of maintenance delay figures was found at HQ
UBAF/SACM (Studies and Analysis, Mobility Branch). Faced with
much the same problem as the author, analysts in that office have
constructed a simple model of the C-130 maintenance delay flow
(called "TRI-ORBIT"). Their data indicates that from Ilanding to
takeoff at home base a C-130 ocould expeot to have no appreciable
delay 49% of the time, approximately 30 minutes of delay 11% of
the time, adbout 10.5 to 12 hours 37% of the time, and much longer
delays for the remainder of the time (Ret 122). These (tfigures,
while mnore specific and appropriate than the AFALD 800-4 figures,
still yielded an average maintenance delay per home-base transit
of over five hours. Again, these figures were much higher than
those actually experienced by the author, although they ocould
possibly Dbe considered an upper Dbound representing unusually

adverse conditions.
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In the absence of any formal data which seemed reasonable,

f the author was forced to draw upon his experience to asccount for
maintenance delay in Alaska. The end result (s a home-base
ma intenance network which looks at four possible maintenance areas
for each airoraft arriving at home base. First, each aircratt is
. given 10 to 30 minutes of minor maintenance, regardless of any
other indicated problems; this would account for thruflight
inspections and such items as changing light bulbs or making minor
adjustments to radios. Next, each aircraft has a probability of
problems in one (or more) of three major system categories --
;h engines (4%), propellers (4%), and "other systems” (TW. This
dbreakdown was decided upon after discussions with HQ USAF/SACM . ;¥

modelers which verified the author's initial estimate that about 3

half of all significant problems in the C-130 concerned engines

i and/or propellers (Ret 19y . In addition to these set i
E probabjilities, an airoraft automatically receives maintenance for
any major system identified as having caused an abort (discussed . ‘ E'
shortly).
It engine or propeller maintenance is indicated, the airecraft ﬁ
. tuns & 10% risk of major maintenance (engine change, etc.) and 50%
of minor repairs (adjustments, simple ocomponent .roplaco-.nt, l

etc.). PFrobdlems associated with engines and propellers are always
repaired and the aircraft returned to FMC status, based on the
f . assumption that these two systems are essential for tlight. For #

“other" systems, the probdability is 50% that the problem ecan be

fized and 30% that it cannot; if fized, the ajiroratt is returned
to service in FMC status, and in PMC status if not. Eaoch time a
PMC airocraft undergoes maintenance it thus has a 350-30 chance of
being returned to FMC status. In any case, an airoraft {s never

“grounded” at home, although it may be consideradly delayed by
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maintenance activities and may be returned to service in a
degraded status. (The possibility of nonreparable damage or
nonavailability of parts is not addressed; for the present, all
saintenance problems are oonsidered to be ultimately resolvable.)
Service tinmes for these activities were drawn from the
author's experience; distributions are assumed to be triangular.
(The triangular distribution is useful when minimum, maximum, and
most Jikely values ocan be determined and a piecewise linear
density function seems appropriate (Ref 17:30).) The approximate
range of these times was confirmed by discussions with Alaskan
airlift operations and maintenance personnel during the past year
(Ref 9). Since proper operating procedures can usually keep cold
weather reliability rates reasonably close to non-winter rates,
winter and cold tempearatures would primarily affect maintenance
through extended service times for outdoor activities. Since data
for this aspeot of maintenance is totally unavailable, summer
service times are approximately doubled for winter conditions.
Aborlsg. Aborts can occur either inflight or on the ground;
the primary distinguishing feature of aborts is that they involve
the interruption of the execution of a mission. A HO USAF/SACM
study has indicated that C-]130 maintenance failure rates are
heavily dependent on sortie rates rather than actual equipment
operating time (Ref 19). Por theater airlift model purposes,
then, the effect of aborts needs to de reflected in an abort rate,
or probability of abort per sortie. Fortunately, some usable data
is available for C-130 maintenance-related aborts, primarily in a
1877 study by the Air Foroce Human Resources Laboratory (AFHRL)
(Ref 3). This study indicated that aborts ocourred with nearly
equal frequency in the air and on the ground, and that about halt

of all aborts in both cases resulted from engine and/or propeller
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prtoblems. Further study by HQ USAF/SACM indicated that about halft
of the air aborts occurred on takeoff/climbout or descent/landing,
and that overall abort rates oould be approzimated by a 5%
probability of abort per sortie (Ref 19); these (figures agreed
closely with the author's operational experience. (It should be
noted that the AFHRL study indicated an overall abort rate of
2.8%, which both the author and HQ USAF/SACM personnel regarded as
low, even under wartime coconditions. It is possibdlae that this
disparity is due to a slight difference in definition of abort
events between operations and maintenance reporting systems.)

For the Alaskan model, the 5% figure is appropriate.
Airoratft are considered to be exposed to risk of abort in three
instances: enroute, engine start, and engine shutdown. For
enroute aborts, avery aircraft is assessed a 2.5% chance of abort
on each sortie; the affected system is then identified and flagged
for appropriate home base maintenance action using the “standarda®
breakdown of 23% engines, 25% propellers, and 50% other systems.

Engine start and shutdown abort probabjilities are 1.25% each,
with affected component being decided as outlined above. 8ince
engine-running offloads and onloads are used wherever possible at
forward bases, the start/shutdown probabilities apply only when an
aircraft's ground time exceeds (or can be expected to excead) 45
minutes, which is a reasonable cutoff for engine-running ground
oparations in Alaska. This feature means that the full % abort
rate applies only to sorties with doth engine start and shutdown;
some missions, therefore, will be subjeot to 2.5% or 3.75% abort
rates, rafleoting the fewar problems involved in engine-running
ground operations. All aireoraft must shut down engines at home
base and so are subject to engine start prodlems when beginning a

mission; likewise, the probability ocheck Dy the homa-base
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maintenance event can be considered to include home-base shutdown
problems. To reflect non-~oritical problems which inevitably ocour

in field situations but which merely ocause delays rather than

h‘. cause aborts, small percentages are included in the start and

shutdown checks for delay-only problems; these problems simply

impose a short (up to an hour) delay on the aircraft before it can
- proceed.

The model also reflects in a limited way the possibility that
an aircraft can be grounded at an outlying base. This is done by
b inoluding a very small probability of a grounding problem in the
o start and shutdown checks. If an aircraft is grounded, its cargo
is offloaded and made available for pickup and continuation by

another airoraft and the aircraft itself is put on "hold” at its

Sl anl e

current Joocation until a maintenance mission can arrive from home

L base. (These maintenance missions are commonly called “"rescue"
nissions.) Once the rescue mission has arrived and has offloaded
maintenance equipment (2 new engine or tire or perhaps only
oritical parts, as well as personnel and equipment to perform the

repairs) the grounded airoratt is allowed to begin repairs, whioch

customarily take considerable time; no figures of any kind are
avajilable for this aoctivity, so the figures used are strictly

based on the author's experience. (Croundings ace not allowed at

bare-base forward airheads or at GCI sites under the assumption
that such airfields would de subject to enemy threat; in wartime
emergency cases, C-130s ocan almost always take off even with major
systeam failures, to include inoperative engines or propellers.)
Abort Routing. All aborting missions are constrained to
return to home Dase, under the twin assumptions that all

maintenance is at home base and that {t is easier to reschadule a

mission from home base than from an outlying base. (This is a
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major difference from the European scenario, where an aborted or
diverted load could use surface transportation to move from one
forward base to another.) On arrival at home base, it is sssumed
that the aborting airoraft will not be available for mission
continuation (due to maintenance, etc.), thus requiring that the
aborted mission be offloaded and made available for crescheduling.
If a mission is aborted while only partially completed, the
remaining cargo and itinerary constitute a “"continuation" mission
with the original mission number, ready time, risk, and priority;
this ensures that swift attention will be given to completion of
aborted missions. This continuation mission is then made
available for rescheduling, and the original mission is not
considered ocomplete until the continuation mission is finished.
If an airoraft aborts on a position leg (enroute to pick up its
mission) its intended mission is immediately made available for
rescheduling. In some cases, such as a grounded aircratft, a
continuation mission may be entered in the system at an enroute

eograph Threat, and Weather

Al aska can be divided into two regions: the
central/southcentral Railbdbelt containing the major population
canters and main bases, and the forward operating area
encompassing the Aleutians and western and northern Alaska. The
primary difference between the two areas is existence (or absence)
of road and rail transportation networks.

The forward operating area ocan be divided into several sones
for ease in assessing weather and threat considerations (Figure
$). Gaenerally, these areas represent major geographical divisions

of the state which tend to have internally consistent weather
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patterns (e.g., the entire Lower VYukon Valley would go below

weather minimums at once). Weather patterns and enemy aotivity
are assumed to have interrelated effects on airlift mission
capability in the forward area.

Enemy Activity. While operations in the Railbelt area can be
consideared far enough "behind the lines” to be free from enemy
attack, forward-area airlift missions could have to contend with
hostile action. An enemy incursion of less than division size in
wastern Alaska would necssarily be forced to spread out over a
large area if movement into the interior of Alaska were desired.
In so doing, the density of enemy forces would be very low,
completely unlike conditions expeoted to obtain in central Europe.
In all probability, there would be no continuous FEBA, but rather ;
& series of force concentrations with little or no enamy presence
between major areas of activity (Ref 15).

8ince airlift aircraft have no self-defense capability other
than low-level flight and use of terrain masking and camouilage,
airlift missions would strioctly avoid known or suspected enenmy
forces. Airlift missions near known enemy concentrations (such as
traditional mass airdrops on enemy rear areas) would not be
attempted, although carefully planned and executed

special-operations-type missions within the enemy area of ocontrol

eV

should be possible because of the very low force density

s antiopiated (Ref 13). Accordingly, threat can be considered to be

P SO G SUNN S e

air-to-air only.

- : Most airlift missions would traverse areas with little or no
enemy activity, and asccordingly ocould be safely oconducted.
However, enemy fighters could operate from captured western-Alaska
airtields and thus present an air-to-air threat to airlift.

| Exercises in Alaska hkave shown that C-130s at Jow altitudes (3500
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feet or less above the ground) can usually avoid detection by
ensmy aircraft, even without escort. With escort (or even with
friendly (fighters operating in the same vioinity), airlift
alreratt using low-level tactics run virtually no risk of
intercept. However, C-130s which cannot use low-level avoidanoce
and concealment are very vulnerable, even with escort. It should
also be noted that an intercept of a C-130 by a fighter would
undoubtedly result in a kill, so probability of intercept for this
discussion oan be equated with probability of kill (Ref 135).

Since weather is virtually the only factor which prevents use
of low-lavel tactics, weather conditions must be considered when
evaluating threat and risk. The least desirable condition would
be weather such as fog or low clouds which prevents low-lave!l
flight. This would force airlift ajroratt ¢to oclimb to higher
altitudes where risk of detection by enemy fighters would be much
greater; without escort, this would be a high-risk situation, and
even with aescort, it could still be considered as presenting a
moderate risk. Cloaf weather, on the other hand, would allow use
of low-level tactics, but would present at least a small chanoce of
visual detection by enamy fighters; this would be a low-risk
situation, and presence of escort would remove virtually all risk.
Middle level clouds would be the ideal oondition for airlitft,
sinoce low-level flight would be possible and enemy tighters would
probably be forced to remain above the olouds; airlift airoraft
would probably require no airlift at all in this situation.

Wgather and Darkness. Weather can ba assumed to fall into
one of four categories -- cglear (or high clouds), middle clouds,
lJow olouds, and fog. Clear weather permits all types of
operations, as do middle cloud conditions. Low clouds are such

that low-level flight <(visual terrain-following flight at less
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than 1000 feet above the ground) {s not possible, although
nonprecision approaches can be successfully completed. <(Airdrops
are considered to be possible if nonprecision approach minimums
can be mat.) Fog prohibits all Iow-level and approach operations

except for approachas to facilities having precision instrument

approach facilities (ILS or GCA).
No distinotion is made between night and day for low-level
and airdrop missions, since the cover offered by darkness is

usually thought to offset the substantially higher enroute

altitudes required. Moreover, use of Station-Keeping Equipment
(SKE) allows much flexibility in night formation missions, and
greatly reduces problems previously caused by inadvertent weather
peanetration (Ref 135). Operations at forward airfields ocan usually
be oonduoted at night, provided that even minimal field lighting
can be provided; forward airfields involved in large~scale moves
oan be assumed to be lighted.

out ime. Since distance is one of the major
considerations in Alaska, flying times between bases for airlift
airoraft must be carefully examined. Generally, airlift enroute
times fall into two categories: normal and low-level. Low-level
segments are flown at lower airspeads (generally about 230 knots,
vs 280 knots for normal cruise) and are also generally about 23%
longer than direct routings because of terrain considerations.
Accordingly, missions through threat zones would requirs about S0%
more flying time than non-low-level missions through threat-frae
areas, resulting in a decreased mission capability for a given
amount of flying time.

For model simplification, only a single flying time will De

used between any pair of locations; this time will assume

low-lavel flight in forward sones and normal flight in rear sones,
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and direct routing between all locations. Additionally, each
point-to-point routing will DbDe assumed to transit a specifio
sequence of weather/threat sones. Since airlitt orews on
low-level missions routinely practice making times of arrival
(TOAs) within plus or minus two minutes, these times ocan be

assumed to be unvarying.

Summary of Assumptions

This chapter has outlined the major assumptions necessary to
inocorporate various system components into tha wmodel. The most
important of the assumptions are:

Theater Airlift Requiremants:

== All requirements are identifiable and consist
ot nissions which can be treated as indi-
vidual entities.

= Inputs from outside the thsater will be
negligible.

-- Each mission has a priority, an acoeptable
risk level, and an earliest time available.

-~ Missions are presiszed for C-130 movement and
have preset itineraries. |

-- Each mission has a specific load type, either
requiring MHE or not requiring MHE.

- bnlocdlottloud times assume wartime operations;
times are doubled for winter.

-= Afrdrops are single-ship, either cargo or
personnal, and must terainate at Elmendort.

- Airdrops can only be executed at forward
airtheads or GCI sites.

-= Missions are either tactical or non-tactiocal;
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aircraft are similarly tactically (fully)
capable or non-tactically (partially) capable.
Aircratt and Airorews

-= The system uses only C-130s; the CRAF is not
considered.

-~ All aircraft and crews ars based at Elmendort,
as are all maintenance and fueling facilities.

-~ All aircraft and crews are available and in fully
capable condition at the start of the simulation.

-=- Lost resources will not be replaced.

~= C~130 model differences do not cause sfignifiocant
operational probiems.

~-= Crew day begins at orew arrival at the ajiroratt
prior to the first onload and ends after the
last offload; orew day length is the same for
all crews regardless of mission type.

-= Crew test is 12 hours and must be conducted at
Elmendorf; orews are indefinitely avajlable
for assignmant once rested.

Airtield Types

-~ Theater afcriift activities can be adequately
reapresented Dy 2 five-bDase network.

-= Airtiealds can be categorised as main-base or

! forward base.

-- Conflioct with other theater tlying activities
will be negligible at all bases.

-- Main bDases are aggregatas of major airfields and
have no traffic or cargo-handling limitations.

~=- Forward bases have [imited ground space and cargo-~

handiing ocapabilities and ara subjeot to flow

& 80




restrictions to prevent excess delay.

-- Forward-base MHE consists only of forklifts and
K-loaders.

-= All forward-base MHE is assumad to be in-place.

-= Palletized cargo can be offloaded without MHE if
required; palletised onloads must have MHE.

Maintenance and Reliability

-~ Maintenance and reliability affect aircraft flow
by causing delays and/or aborts.

-= Maintenance checks are mandatory each time an
airoraft transits home base.

-~= Home-base maintenance oan be represented by a
simplified activity causing delays of varying
length for aircraft.

-- Aborts can be represented by a (maximum) overall
3% ochance of abort per sortie.

~= Airoraft cannot suffer grounding probleas at
torward airheads or GCI sites.

~= All aborts must return to home base; aborting
aireraft cannot continue an assigned nission.

Geography, Threat, and Weather |

~= The theater can be divided into ten zones for
weather and threat oonsideration; weather
is the same for all locations within a sone.

~= Ground threats in forward areas oan be avoided;
airliftt airoraft must contend only with air-
to-air threat.

-- Risk can be categoriszed as low, medium, and high
and is uniform throughout a sone; probability

of detection/kill ocan be represented by a

L 21
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set probability for each category.
-- When present, asocort protects all missions in s
sone.
-- Weather conditions can be represented by four
levels: good, medium, bad, and fog; each
level has various effects with regard to
threat and instrument approach capability.
-- Flying times between bDases are fixed.
The next chapter will discuss the computerisation of the model and
the particular meathods by which the assumptions were incorporated

into the SLAM/FORTRAN program.
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IV. Computerisation
Qvervigw

Having examined the various faotors which must be inocluded
and having made ocertain asssumptions about their treatment, the
computerization of the model itself ocan be desoribed. This
chapter will first discuss the selection of the simulation
language and the concept underlying the construction of the model.
The model itself will then be described, with particular attention
given to the mission entry provisions and the schaeaduling funotion.

Finally, special features of the model will be outlined.

Language and Conoept of Construction

Since the system consists of entities (missions) which must
be moved from point to point via specified routings, and since
many of the factors affecting this flow have limits on their
utilization, a simulation language which incorporates both
networks and queues would be appropriate. Two such languages are
curtently available ~- Q-GERT (Craphical Evaiuation  and Review
Teohnique with Queuveing) and SLAM (Simulation Language for
Alternative Modeling) (Rets 16,17). Both are rORTﬁANbbas.d and
allow for various modes of network switching as well as for
automatic generation of random variates. SLAM, however,
incorporates all of the features of Q—GBRT and wmakes many
improvemants, and additionally allows intermixzing of discrete and
network modes of simulation. Most importantly, SLAM allows
virtually unlimited use of FORTRAN inserts to amplify netweork

activities, thus giving the modeler a very high degree of oontrel

over model operation (Ref 17).
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This model was begun in Q-GERT, but it was rapidiy apparent

that SLAM oould provide mnuch more flexibility. In particular,
S8LAM allows the oonsolidation of the very oomplex scheduling
funotion into 2 single FORTRAN subroutine, thus saving more than a

hundred nodes and aotivities. Given the ability to effect such

consolidation, it would be possible to completely eliminate the ;
network; however, the author has found it more useful to strike a
compromise, keeping the network framework intact for ease of
visualization while ocombining complex or repetitive activities
into well-documented FORTRAN subroutines. This has the additional
benetit of allowing muoh of the model to be pre-compiled and
stored as a binary object file, resu.ting in much less memory and
time raquired for loading and compilation. _é

SLAM provides another major advantage in its use of “global

variables”, which oan be individually set for each run and which

can be used to control almost all network functions such as
branching. When ocombined with SLAM's ability to allow multiple

runs with changing of global variables and other conditions

between  each, the possibility exists to design a model whose
parameters can be controlled almost ocompletely by use of global
variables (Ref 17). This, in turn, permits the model]l to be used
to execute compliocated experimental designs with a nainimum of
effort. The author designed this model for such control; Tables !

and [l list the global variables which can be usad to set levels

for various factors (and their-default values).

work
Network Citroulation. In general, the model circulatas
airoraft entities through a system of five bases, representing the

four types of base determined to be of most concern in the Alaskan




TABLE I: GLOBAL VARIABLE LISTING (PART 1)

' IA = USER SETS INITIAL VALUE, MODEL MAY ADJUST
i DURING EXECUTION

; I = USER SETS INITIAL VALUE; FIXED PARAMETER
i C = CLOCKX OUTPUT OR CLOCK-CONTROLLED
: * s INTERNAL USE ONLY
X = NOT CURRENTLY USED
3 [ 3
i ? NO . CONTROLS TYPE DEFAULT
; 1 - NO. OF AIRCRAFT CIA) 10
2 - NO. OF CREWS (IA) 15
! 3 - NO. OF SPARE ENCINES CIA) 50
, 4 - NO. OF SPARE PROPS (IA) 50
5-9 - X
10 - CREWDAY IN MINUTES 88! 960
1 11 - LOW-THRT PROB KILL (1) %
. 12 - MED-THRT PROB KILL <1 5%
' 13 - HI-THRT PROB KILL (1) 10%
; 14-19 - X
; 20 - ETALST INITIALIZATION (%)
j 21 - RUN TERM ENABLE SWITCH (®)
\ 22 - MSN ENTRY COUNTER (%)
- 23 - MSN COMPLETION COUNTER (%)
{ 24 - CLOSURE TIME FOR RUN TERM (%)
! 25 - X
o 26 - TIME-OF-DAY (1)<eH 00
27 - DAY/NIGHT OUTPUT c)
28 - DAY LENGTH (x)
29 - START HOUR (%)

30 - DAY NO. (BASED ON XX(28)) ()
} 31 - SEASON (1=8UM,2s=FALL, ,
5 . 3=WINT,4=8PR) (1) 1

;W 32 - DAY/NIGHT ENABLE (0=N,1i=Y) (1) 1
4 33 - X
& 34 - WX OPTION (0«PRESET VALUES,
;1 1sALL CLEAR, Z2sVARY) (1) 0
- » 33 - MHE OPTION (0=FIXED,l1l=VARY) (1) 0
x 368 - ESCORT OPTION (0=NONE,
- 4 laALWAYS AVAIL, 2sVARY) 1) 1
L 37 - THREAT OPTION (0s=NONE,
' 1=PRESET., 2sVARY) (1) 0
; 30~40 - X
_d 41-30 - ZONE WEATHER (13<C) 2

51-60 - ZONE THREAT (I)(C) 0
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TABLE II: GLOBAL VARIABLE LISTING (PART 2)
!
NO . CONTROLS TYPE DEFAULT
$1 ~ MOG BASE 1 x
! 2 - . 2 H
i 63 -~ {RESOURCE 3 CIA) 6
! 4 - “MOG*"] 4 CIA) 2
85 - 5 X
; . 66 - MAX NO ON APP/DEP BASE 1 x
, 87 - 2 x
s8 - CRESOURCE 3 3 2
9 - “ATC™ ] 4 $3) 1
} 70 - - X
- . 71 - FORKLIFTS BASE 1 x
: 72 - 2 4
73 - CRESOURCE 3 CIA) 4
| 17¢ - "EK"] 4 CIA) 2
u 78 - ] X ]
: 78 - X-LOADERS BASE 1 x
, 77 - 2 z
; 78 - CRESOURCE 3 1 1
; 79 - 0 LE 4 <1 [ 1
? 80 - L X
! 81 ~ INSTR APPRCH CAPY BASE 1 €1 2
i "2 - 0 =NONE 2 $ 8 2 .
83 - 1sNONPRECISION 3 1 2
f s - 2=PRECISION 4 (1 1
1 85 -~ s (1) 1
86 - HOURLY FLOW RATE HBASE 1 x
- 87 - (MAX NO OF 2 X
i 88 - SCHED ARRVLS 3 3§ ¢
| 89 - PER HQUR) 4 1) -8
| . 0 - L 1) 2
o 91-98 - X
f?; 87 - SCHED TRACE (LEVELS 2 - 8) (I) o
: 89 - MTRACE AND MISC (LVL I -~ 3) (I 0
4 99 - MISC PRINT (LEVELS 1 - 3) $ 8 0
5 . 100 - X
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theatar. At the various locations, mission entities are loaded on
the aircraft, which are then routed through the network dependent
on their assigned mission. By using aircraft entities as the
primary ‘“"movers" in the system, mission entities can be removed
onoe they are "loaded". This keeps the total number of entities
in the system to a minimum, thus reducing the sise of the model.
(Table III outlines attribute allocation for both m=mission and
aircratt entities.)> As airocraft complete their missions, they are

freed for reassignment, subjeot to certain limitations which will

be detailed later.

Network Phases. The network consists of the four mission
phases cutlined earlier: the continuation/scheduler phase, the
departure phase, the enroute/approach phase, and the arrival

3 phase. Airoraft arriving at a base must pass through the arrival

phase, the ocontinuation/sochaduler phase, and the departure phase
in sequence. Each base has a1 separate arrival and departure
subnetwork, modeled to represent specific conditions obtaining at
that base. Figure § outlines the overall network flow; Figures
11 through 18 in Appendix A show the networks and subnetworks
for each phase and base.

The arrival phase consists of approach, landing, taxi-in, and

oargo offload (if any). Different bases have different structures

for each. Fellowing completion of the arrival phase for a base, '

. an airoraft is routed to the continuation/scheduler phase, which

notes the aircraft's location. The first part of this phase is a
continuation ocheok, which ohecks for mission completion; it the

: mission is not complete, the mission information is restructured

.t for the nesxst leg and the aireratt is routed to the its
current-base departure subnetwork. [f the naission s complete,

’ ' the oontinuation subroutine sends the aircraft to the scheduler,

L X4
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TABLE 111: ATTRIBUTE

LISTING

3B AWM -

[ I S DN B B NN Y B |

| I T O T A T Y TN Y N B RN SN NN BN NN B BN B B ]

AIRCRAFT ENTITY

LAST TIME BEGAN HOME MX
ACFT MX STATUS (1,2, OR 3
FLY TIME SINCE HOME

ENGINE START/STOP MARK
CUMULATIVE FLY TINME

(6-9 NOT USED)

CREW DAY START MARK
ABORT STATUS FLAG (0-4)
CURRENT LEG ORIG BASE
ONLOAD
OFFLOAD
DEST BASE
NETWORK ROUTING SWITCH
ACTIVITY TINE
MX FAILURE CODE (3,4, OR 5)
RESCUE SVITCH
NEXT LEC ORIG BASE
ONL OAD
OFFLOAD
DEST BASEK
ONLOAD
OFFLOAD
DEST BASE
ONL OAD
OFFLOAD
DEST BASE
ONLOAD
OFFLOAD
DEST BASE
RESTRT ROUTE SWITCH
GNDTIM/LEGTINM
ONBOARD MSN RDY TINME
TYPE ACET REQ
MSN NO
RISK LEVIL
PRIORITY
RISK LEVEL FOR ACFT

MISSION ENTITY

MS8N READY TINME

ACFT STATUS REQUIRED
UNIQUE MSN NUMBER
RISK LEVEL ALLOWED
MSN PRIORITY

(6-1% NOT USED)

30-32 SAME FOR MSN ENTITY

ETE FROM ORIGC TO FIRST DEST
SECOND DEST
THIRD DEST
FOURTH DEST
(37 NOT VSED)
EST MBN LENGTH BACK TO HOME
(39-40 NOT USED)
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which chacks for possible missions for the aircratt acoording to a
specific set of rules. If a mission is found, it is assigned to
the aircraft; if a mission is not found, the aircratt is scheduled
for a "“deadhead" leg to home base. In either ocase, the aircratft

is then sent to the ocurrent-base departure subnetwork. The

departure phase consists of cargo upload (if required), engine
start, taxi-out, takeoff, and departure. On departing a base, an
airoraft enters the enroute phase, which consists of an enroute
1 subroutine and an approach subroutine. The enroute section checks
| weather and risk and reconfigures the airoraft for an abort to
home base if required; it then assigns a flying time to the
? ' destination base and routes the aircratt to the approach section,
which in turn passes the aircraft to the appropriate arrival
subnetwork.

Home-Base Maintenance and Crew Change. The Base 1 arrival ‘

and departure subdbnets differ from those of the other four bases.

: Base 1 is considered to be the home base, and all maintenance,

refueling, and orew rest facilities are Jlocated there.
Accordingly, after an aircraft arrives at home base and (s
offloaded, it is automatically routed through a maintenance
subroutine (MXMAIN) which checks for maintenance problems as
previously outlined. The home-base departure net includes a
ctew-change section. Crews are assumed to be able to crew-rest
' only at home base, and aircraft oan only receive new ocrews at home

base. If an aircratt has a crew on board, and if the crew has

e mm - - Al oay

sufficient time left to complete the mission, it stays with the
airoraft; if not, the orew must be returned to crew rest and a new
orew pioked up. If no arews are available, the airoraft is not
soheduled. (Crews may be returned to crew rest directly from the

scheduler under some conditions at home base, thus leaving

R e o R L i Ak o o &
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airoraft in an uncrewed condition.) No loading can be accomplished

until a orew is available (this is an assumption primarily for
model simplification, although it is usually the case in practioce
-- loading and offloading must normally be supervised by the
loadmaster). Crew entities reside only in the crew-rest section
of the network; on assignment to an aircraft, the crew entity is
“destroyed” and is represented on the aircraft entity by a crew

mark time showing the start of the crew duty day.

Mission Entry

Missions are entered into one of the five base mission (tiles
either by the STACK subroutine, which reads an external data input
tile of up to 3500 separate missions, or by the REP subroutine,
which can be structured at the wuser's discretion and is most
yseful for repetitive or stochastic mission flows. (See listings
of subroutines MSTACK and REP in Appendiz B for details on setup
and restructuring of mission input routines.) Each mission has a
ready time (the earliest time at which it can be scheduled), an
airoraft type required, a mission number, & risk level, and a
priority; each mission also has an itinerary oconsisting of an
originating base and up to four subsequent dostinatlonl. with
onloads and offloads for each. Enroute to the mission files, the
newly entered mnissions (or re-entered, for aborts) are processed
by subroutine MSNTIM, which computes estimated time from departure
to each dastination, as well as an estimated time required to
return home if the mission does not terminate at home. Onoe in
the mission files, the missions are ordered Dy priority (lowest
value first). When scheduled, the data in a missi~n antity is
“piggybacked" onto the ajroraft entity and the ;1sston entity s

then destroved.

B . 7 e TEh L 0 Yty
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Scheduling

The scheduler (Figure 7) is the "brains" of the system. It

is triggered by the arrival of an airoraft from the ocontinuattion
check at any base. The scheduler then examines the mission file
for the current aircraft location; if no missions are found which
are suitable, the scheduler looks at other mission files in a
preaset sequence (different for each base, but basically in order
of proximity to the current location). If there are no suitable
missions at the ocurrent 1location, the scheduler creates a
“position” leg in order to position the aircraft at the
prospective origination base. It the position base is above
weather minimums for an approach, the scheaduler notes the risk
level required to fly to that base; no missions at that base will

be scheduled unless they allow at least the risk level! required to

get to the base. The time required to get to the position base is
added to the total estimated nission time for fuel and orewday
limitation cheoks.

VWithin each base miysion file, the scheduler looks for
nissions on a basis of priority, and within priorities on a basis
of earliest ready time first. The scheduler checks for airoratt
compatibility with mission requirements (FMC vs PMC airoraft), MHE
availability, risk level, arrival time slot avaijlability, orewday

remaining, and fuel remaining. If a valid mission is found,

TV e
.- el v e

subroutine SCHSET is called to complete the aotual "loading". ) §
;} 4 no mission ocan be found at any base, and {f the airoraft is not
already at home base, the aircraft is routed home via a "deadhead”
leg with no load. If already at home, the airoraft is put into a ; L

one-hour scheduling hold 1loop and is run through the scheduling

process once each hour until a mission is found. (The listings in

Appendix B of subroutines SCHED, WXCHK, ETACHK, and DEDHED provtide

. more i{nformation on the scheduling process.)

. 72
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Creaws are a special consideration for the scheduler at home
base. Basically, if a fresh ocrew is needed to begin a new mission
but no rested crews are available, the scheduling process will be
terminated and the airoraft returned to the one-hour hold loop.
For airoraft arriving at the scheduler with no crews (crew mark
time in kTRIB(lO) set to sero), if no crews are available the
scheduling process is bypassed and the aircraft sent directly to
the hold loop. If an airocraft with a orew on board arrives at the
scheduler, the entire scheduling process s executed. It a
nission is found and the on-board crew has sufficient time to
complete it, the airoraft is sent directly to the departure
subnetwork. If not, and a orew is available, the aircraft is
detoured to the crew change section, where the old ocrew will enter

crew rest and a new orew will be picked up. 1If a orew is needed

but none is available, the onboard orsw will‘b. sent directly to
crew rest, the mission returned to the nission file, and the
airoraft sent to the hold loop without a crew. The model does not
allow crews to switech aircraft. Although this is occasionally
done in practioce, it is not considered a factor since there ars
usually no aircraft readily available and since such a switoch is

only profitable if done fairly early in the orew day. (In any

case, allowing orews to switoh airplanes would greatly complicate
the soheduling and crew assignment proocess.)

. In general, the scheduler will schedule a mnission for an

. inhaiet oA
R RS S Y

airoraft unless the mnission is specifically rejected during one of

&

the screening ochecks. The soheduling process assumes that all
crews are squally capable and that all fully capable airoraft ocan
acoomplish any tactical mission (low-level (flight, maz-effort

landings, airdrops, etoc.), as wall as any non-tactical muission. E
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The priority and earliest-ready-time system of assigriments is the
same as is vsed in praotice, and the risk-level feature is an
attempt to model a process which is informal but which occours in
every scheduling situation. The sohaduler also assumes that any
mission delay (due to delayed time siots at forward bases, eto.)
will be taken before the mission departs, since dalays at
limi ted-capacity enroute bases are usually discouraged, espacially
in high-flow situations. Missions are checked “in toto” ~- if any
portion ot a mission is not schedulable, the entire mission is
rejected. The scheduler does not attempt to optimizse missions;
rather, it sequentially examines each mission in order of priority
and ready time and then performs a feasibility check on each
mission, soheduling the first mission which meets all oriteria.
It is assumed that the user will enter a predetermined sequence of
missions, which the scheduler will then assign for execution {n
accordance with its internal rules; once entered, missions ocannot
be adjusted or modified ~- this assumption is absolutely necessary
to prevent the model from assuring level of complexity far above
that required for its intended purpose. (The user would be well
advised to keep missions as simple as possible, such as one load
from one base to another, rather than bduild oonpio: sulti-leg
nissions whioh natght never meet scheduling requirements for all

lags.)

Special Features

The model includes several special features designed to
snhance its realism and ease of manipulation. Three of these (WX,
THRT, and ESCORT) were inoluded primarily to demonstrate their

feasibility and to provida a point of departura for further model

development; these subroutines currently use default parameters




b/ AL S S, A
ek’ RSN JE N >

T AP T W T W T ey Wt

for some of their funotions and can be significantly expanded if
desired. However. the model as it exists is essentially complete
and is capable of performing its intended funotlion as a tool for
analysis of the wartime Alaskan airlift system.

Initialization. INTLC subroutine is used to initially enter
airoraft and aircrews, to set resource levels, and to make
triggering calls to various subroutines responsible for keeping
“real” time, setting wecther and threat, and varying ocertain
resources. Since subroutine INTLC is called after all INTLC
statements (which set global variable levels) have been read for a
particular run, the subroutine can reflect changes called for by
the newly set global variables when it initializes the model. The
initialisation sequence is shown in Figure 8.

[ ock. Subroutine CLOCK tracks simulation tima in
60-winute increments. It updates “real" time in the system based
on a 24-hour day and returns the current hour in XX(28) and the
current day number in XX(30). The user oan enter a "real"
simulation starting hour if desired. 1f the appropriatae options
are enabled, the cloock calls for a weather update every siz hours
and for a threat update every midnight (see Weather and Threat,
below) . Additionally, CLOCK determines day and ﬁtqht based on
season (with deoreasing hours of daylight for summer, fall/spring,
and winter). Although no model features currently use the
day-night output, a switoh is providad (XX(32)) to enable or
disadble it. The CLOCK feature is primarily used to {nsure that
factors which depend upon time of day or upon number of days since
the beginning of the simulation can be accurately reflected in the
model.

Ihzreat. The model offers three options for ocontrolling the

threat input: none in the theatar <(or preset and unchanging),
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’ Figure §: Initialisation Sequence
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threat in every cone, and varying on a day-to-day basis (as
determined by subroutine THRT); these options are ocontrolled by
XX(37). The model does not attempt to detail individual enemy
encounters, but instead assumes set probabilities of intercept
(and thus kill) for each passagae through an l!too;.d sone for
appropriate risk combinations. The user ocan, however, set the
probabilities of kill for low, medium, and high risk conditions
(XX(11-13>).

Escort. Escort can be user-spacified in much the same way as
threat. However, escort is assumed to be available on an
hour-by-hour basis which repeats every 24 hours. Thus, subroutine
FTRCHX is called whenever escort availability needs to be checked.
Using the “real" hour, FTRCHK consults a user-construoted data
matriz which reflects esoort availability in every zone based on
time of day. The presence of friendly fighters in any sone is
considered to constitute escort, and the model does not attempt to
further break out numbers, on-station times, or actual locations.
(In Alaska, the mere presence of friendly !tghtérs within a radius
of up to 30 or more miles was found to divert the attention of
enany fighters sufficiently to allow airlift airoratt low-level
tactics to be effective (Ref 135).) |

MHE Clooks and Combat Otffload. Since MHE may not always be
in commission, the model incorporates two discrete-event
subroutines (FX3 and FX4) whioch vary the level of forklift
resources at Base I3 (the forward fighter alert and staging base)
and Base 4 (the bdare-base forward airhead). Eaoch forklitt is
assumed to be operational for an average of 18 hours and then down
tor repairs for a period averaging four hours. If all forklifts
at a given base beocome inoperative, ocombdat offload is authorized

at that base. (See listings of subroutines FK3/4, CMET3/4, and

78
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CMBT3A/4A, and CMETX for details on the combat offload ohain of
events.) These "MHE cloocks"” must be specifically enabled by
setting global variable XX(35) to 1.

Weathear The model allows the usar three different modes for
setting weather in the ten geographic szones -- individually preset
and unvarying, defaulted to "all clear", and varying every six
hours. These options are determined by setting XX(34) to the

appraopriate value; individual sone weather conditions may be set

S it a8 i e

in XX(41) through XX¢(50). . If the "vary"” option is selected,
subroutine CLOCK will call subroutine WX at 0300, 0800, 13500, and
2100 every day. VWeather in each xone is varied by a Markov chain
using empirical probabilities reflecting seasonal differences.
Season, time of day, and existing weather are considered in a

spectial fog-genarating seotion. See the listing for WX for more

comments. (Currently, the same Markov chain is used for all
sones; it represents average data for the Cook Inlet area and was
used primarily to check the performance of this partioular feature
of the model. If analysis using the varying-weather feature is
desired, the user would need to restructure the WX subroutine to
inocorporate the remaining nine Markov ochains, whioch c¢an be
constructed with data obtainable from the USAF Ubath;r Servioce.)

JORTRAN Print Routinesg. Subroutine MI'RACE and various

FORTRAN print routines and statements can provide a complete trace

€ of model operation if "switched on"; this trace is independent of
SLAM output and trace routinaes. XX(87) controls the trace routine
built into the scheduler and can be set at various levels (2
through #) to provide progressively more detailed tracing ot
socheduling functions. XX(988) controls MTRACE and other embadded
print statements which serve to trace ajiroraft and mission

)n entities through the network. XX(88) set to 1 will provide a
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‘ complete record of aircratt movements, and set at 50 will
- additionally provide a oompact attridbute dump at several key
locations. XX(898) controls miscellaneous print statements not
directly related to the other trace categories; it may be set at
levels 1 through 3 for progressively more datailed tracing. All
trace ocategorias may be turned off by setting print switches to 1
; tero. These print routines were primarily built for debugging and
verification purposes, but are also useful in providing a general
picture of system flow trends under varying conditions.

Qutput Measures. In order to provide a basis for
troudbleshooting and verification and validation, as well as to %
provide overall nmeasurss of system performance, the model colleocts
a number of statistics. Among these are average crew day length,

flying time and fuel used while away from home base, ground times

; at all bases, airoraft utilisation rate (flying hours per day),

! total number of sorties flown, number of mnissions entered and
completed, and number of ajroraft lost. Additionally, the model

tefleocts queue and resource utilization statistios. Since a

primary measure of airlift mission performance in Alaska is

E : completion time for a particular stream of missions, the model
1 oounts missions entered and mnissions completed aﬁd reaports the
{«3 “closure time” of the stresw when the last mission is ocompleted.
{ For figuring olosure time, the model currently traoks entry and

completion of all missions with mission numbers between 10000 and

. & -

. ; 50899; mission numbers of 60000 or greater are used f(or !
"inoidental" missions such as aborts and dJdeadhead sorties. The

i? model will DbDegin a shutdown process when the last mission is

ﬁ} completed; final airoraft vtilisation and crewday statistios are
collected as airoraft arrive at home base for the last time. PFor

{
7{ datails of the mission completion and shutdown mechanism, see the

listing in Appendinx B for subroutine MTRACE.




Summary

This ochapter has discussed the structure and operation of the
model and has examined the important mission entry and scheduling
funotions. Special features which help to give the model its
flexibility were also outlined. The next chapter will disouss the
verification and validation process which was employed during

model construction.

[ } 1
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V. Verifioation and Validation

Quarview

The previous chapters have discussed the proocess ot
oconceptualisation and construction of the model. This ochapter
will outline the process wused to check that the wmodel was
performing as constructed and that it accurately reflected the

system under consideration.

Verification vs Validstion

Vecrifioation. In a strict sense, verification can bde defined
as itnsuring that the model] is performing as dasigned and
validation that it accurately refleots the system in question. In
reality, the two processas are intermixed. While verifjication
(which inoludes “debugging"”) usually lends itself to relatively
concise, objective treatment (such as checking percentages and
tracing model operation), validation is more subjective and
essentially consists of comparing model performance to
“real-world” data or experiesnce. One aspect ot the testing
process for this model! should be noted: it was assumed that
intrinisic SLAM funotions (such as network lwtt;hlnq, randon
variate generation, and various utility routines) pertormed as
specified. However, performance of the varfous FORTRAN routines,
sudbnetworks, and network sections suoch as the orew-change activity
were cartefully examined. Thus, no attempt was made to direotly
varify the performance of the language itself.

datio n . In some cases., the system being
simulated has not operated under the conditions modeled or perhaps
does not yet exist. In such instances, validation mnight well

consist primarily of insuring that model performance is
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“ocredible". For the Alaskan system, this ocase (s applicable,
since the system has never been fully exercised under wartime
conditions. In a larger sense, validation includes insuring that
the pieces which form the model, as well as the way in which these
pieces are assemblead, are sufficiently realistic to promote
confidence in the final product. This process begins at the very
earliest stages of oconceptualization and continues through
seleoction of model structure and methods for treating various
model ocomponents. Indeed, this process is almost an unconscious
one and is an integral part of decisions and assumptions affecting
mode! development. This aspect of validation has largely been
covered in previous sections; accordingly, this chapter will
primarily outline the "conscious", preplanned aspect of validation

for this model.

Construction Stages

Veritication and validation were made easier by building the
model in stages, with each stage representing a reasonably well
known aspect of present system operation. Each stage ocould be
varified and validated before continuing model canstruction. Once
the final model! was assembled, the various conponontsv;qatn needead
to be ochecked in the overall ocontext. At all stages, the model
output was compared to the results of selected exercises to insure
that model! results were reaosnable. Thus, verification and
validation were simul taneous processes during model construsction.

Forward Airhead Model. The first stage of development was 2
saall-scale Q-GERT simulation of the bare-base forward airhead,
based on the Cranite Mountazin airhesd operated for ARCTIC CIRCLE
80. This model was tested with various combinations of input flow

rates, cargo mixes, traffic restrictions, and MHE oconfigurations.




B e s e

It showed that the mnaximum wusable flow rate was about three
arrivals per hour and that traffic restrictions (a one-way rurnway
and severe MOGC limitations) were major limiting factors. This
data accurately reflected actual operational experience during the
exercise, and so the forward asirhead “sub-model” was accepted as
satisfactory. (This model was subsequently translated to SLAM.)

Initial Majin Base Model. Next, a SLAM main-base model was
constructed which incorporated all major features except the
continuation oheck and the scheduler. The offload, maintenance,
and onload functions were then tested against a various streams of
missions to determine average ground times and maintenance
downtime. These figures were reasonable and were of the same
naqﬁltudo &s home-base figures experienced during high-flow
exercises at Elmendorf.

Closed-~Loop Test. After a model for a forward-area fighter
alert and staging base was developed and cheocked against
“real-world" expearience at GCalena and King Salmon, a two-base
model consisting of the main base and the staging base was Dbuilt.
This model ocirculated airocraft in a closed loop and included a
rudimentary scheduler which operated under the tlow rate
[imitations of the staging base in order to check the important
tlow-regulation concept. Additionally, the crew change facility
was included at the main base and crewday limitations were
imposed.

Mission times with various load types were checked and found
to be quite close to those actually experienced by the author: for
instance, the model showed that one crew could make about three
round trips in a single ocrew day, which was a ocommonly accepted
figure used by exercise planners at Elimendorf, and which

represented a combination of all factors involved in the shuttle.
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closure times for

Likewise, various mission streams refleoted
actual experience: a 20-mission move to a base similar to Calena
could bDe oclosed in 168 to 20 hours using siz airplanes and ten
crews under average oonditions, with one or two airoraft
eventually dropping out of the flow for extended maintenanoce;
model results were vary similar. Of equal importance was that the
flow-regulation mechanism worked as designed and could be relied
upon to duplicate the actual command-post controller's function of
preventing “waves” of sircraft from overwhelming forward base
facilities. Since the “"real~world” data was far from exact and
represented little more than planning factors bassd on experience,
rigorous statistical verification was useless; this is an example

of the “reasonableness" approach to verification and validation

which was used extensively for this model.

Final Model Testing

In a mnultibase theater airlift model, testing of the
assenbled model can be complicated because of tha many possible
situations which ocan arise during the course of model operation.
Testing of the Alaskan model was accomplished primarily by running
the mode]l with known mission inputs designed to e;oretso each
component of the model. With the various print/trace features
enabled, these mission streams were thoroughly traced through the
system. With the use of the CYBER EDITOR feature, output from a
run could be examined very quickly: for instance, all oocourrences
in the output refarencing a particular mission number oould be
displayed, resulting in a ooncise ohronological trace eof that
mission through the system from initial entry to completion.
Similarly, all entries for a particular aircraft number oould be

displayed, allowing individual airoratt to be easily followead.
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This procedure allowed very rapid debugging, verification, and
validation of the model's performance under wmany different
operating regimes.

Scheduler Testing. Sinece the scheduler is by far the wmost
complex aspect of the model, it was provided with 1its own
separately controlled internal tracing system. With XX(87) set to
9 (the deepest level of examination), every facet of the
scheduler's operation could be observed, to the extent that one
scheduling event could consume more than 100 lines of output. For
instance, flow regulation to forward airfields with Ilimited
capacity was orucial to the proper operation of the medel. To
test it in the assembled model, the REP subroutine was used to
provide a stream of missions to Base 4 (the bare-basa forward
airhead). With the scheduler trace set to level 8, every check of
the file of already scheduled estimated times of arrival (ETAs)
was printed, and the scheduler's actions oould be precisely
ochecked. As each feature o0f the scheduler was verified to- be
operating properly, the depth of exanination was decreased by
setting progressively lower levels for XX(87). When satistied
that the scheduler was tuﬁottontng properly under a wide range of
possible conditions, the scheduling trace was -wttehoﬁ oft for the
remainder of the testing process. <(Por oclarity of documentation,
all but the key scheduler trace elaments have been edited out of
the SCHED listing in Appendix B.)

Abotts. Speocial treatment was also given to the abort
feature of the model. Although aborts (both ground and enroutae)
have a considerable effect on system performance, they are one of
the most difficult aspeots to treat realistiocally because of the
many combinations of location, load type, and stage of aission

completion whioh must be accounted for. 8ince inclusion of abdorts
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was one of the several features of the Alaskan model whioh
differentiated it from previous theater mwmodels, the suthor
considered it important to insure proper functioning of the system
in this respect. The testing process for aborts was twofold and
consisted of ascertaining that aborts were being triggered at the
proper times and in the proper proportions, and of insuring that
the aborts were properly handled and routed once ganerated.

To test the formar, the abort rates previously discussed ware
temporarily quadrupled (to a maximum 20% overall) to force the
model to generate many aborts. Several varied mission streams
were then introduced which exercised all of the model features
connected with the abort process. The numbers of aborts being
genarated by the various trigger mechanisms (shutdown, start, and
enroute) were then oompared with total sorties flown to give
percentagas, whioh ware then ohecked against the desired abort
rates. The rates were found to be within plus or minus one
percent of desired for the three components, thus indicating that
the abort triggering mechanisms were functioning as designed.

The subsequent handling of aborted airoraft and missions was
somewhat more complicated to check and required wmuoch tracing of
individual missions to insure that loads W;tl properly
restructured and offloaded and that aborted airoraft were
correctly routed and given required maintenance on return to home
base. In this manner, a faw abort situations were identified
whioh had noet been originally inecluded; the network and FORTRAN
code were adjusted to raflect these new conditions. It should be
noted that much of the FORTRAN oode in the abort-connected
subroutines (CONTIN, RESTRT, ENRTE, APPRCH, CMBTX, RESCUE, and
RESCH) is given over to identification and handling of the various

abort situations. This code was intentionally made as transparent
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as possible and was very heavily dooumented to insure that the
abort process -- a major feature of the model! -- can be readily

followed.

oa P 1

As unight be expected, some problems were unearthed during
this extensive testing program. In particular, some facets of
model operation disclosed unanticipated effeots. Three of these
-~= what the author will refer to as the “block-scheduling"”
problem, the preloading” problem, and the "degraded-aircratt*
problem -- merit discussion.

The "Block-Scheduling"” Problem. The block-scheduling problea
was discovered when many mnissions with similar priorities and
ready times were entered at Base 1 and Base 2. Since bDoth bases
are originating points for bDattalion moves (two battalions at Fort
Richardson and one at Fort Wainwright), and since most of these
missions tend to become available for movemsnt nearly
simultaneously, there is a need to insure that some airplanes are
allocated to each group of missions. Test runs quickly disclosed
that sinoce all airocratt ‘ulti-atcly returned to Elmendorf, the
scheduler would try tq ezhaust all missions at Blnnnd;t! before it
would begin to schedule aircraft against the loads waiting at
Fairbanks.

To force the scheduler to allocate airoraft in a2 wnore
realistiec fashion, two solutions were implemented. First, the
scheduler was made to cheok missions waiting at both bases and to
begin the scheduling process at the base with the highest priority
mission. If priorities ware equal, the scheduler would use the
oldest ready time as a tie-bDreaker. Addditionally, the m=ission

input was differentiated to promote this equal allocation by using
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slightly different priorities and ready times for blocks of
missions. This had the added benefit of insuring that all
nissions in a particular block of missions with, say, priority 2
and ready time 3720 (which could ba the personnel movement for an
infantry oompany), would be moved before a block of mnissions with
priority 2 and ready timea 3728 (which could be that ocompany's
follow-on equipment and supplies). Similarly, the nissions for
different units could be struotured to insure proper sequencing of
moves from diftferent bases. This solution, while artificial, very
closely represents the decision process which actually ocours when
a4 great number of =nissions with "inflated" priorities are
simul taneously dumped into the system.

The "Prelocading” Problem. In the course of testing the model
with a set number of crews and a varying number of airoraft, it
was found that closure times would descrease as wmore aircraft
becama available (as expected). However, instead of leveling off
at a minimum figure once the number of aircraft began to exoceed
the number of ocrews, closura times began to increasa. The problem
was determined to be caused Dy the scheduler's assigning of
missions to "non-crewed" airoraft, which would then wait for crews
(sometimas for very long periods). While these -"pro-loadcd"
airoraft were waiting for orews, airoraft in the system would
return to home base with sufficient crew time remaining to pick up
a new mission. The inbound crew and airoraft would often find no
unassigned missions; the orew would be raturnad to crew rest and
the airoraft would be placed in the hold loop, wasting usable crew
day. In praotioce, airoraft are not pre-loaded in this manner and
the prodblem does not oocour; accordingly, the scheduler was
modified to insure that airoraft at home bDase needing new orews to
degin missions would not be scheduled unless a rested orew was

ceadily avatlable.
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The ‘“Degraded-Airoraft” Problem. As discussed in Chapter
111, non~tactically capable airoratt normally are not allowed to
undertake tactical missions. In peacetime, this policy works
wall, since there is no need to risk the problems which might
occur if, say, an aircraft with an inopaearative antiskid braking
system were to attempt an assault landing on a short rumway. 1t
necessary, however, such landings can usually be safely made
without antiskid; in some cases landings can even be made without
brakes, thanks to the excellent deceleration and steering control
provided by the reversible propellers. (This is one of many
instances in which the C-130's versatility can allow smergency
performance well in excess of peacetime limitations.) Since many
missions in the Alaskan theater (including all forward-airhead
missions) theoretically require fully capable atiroraft, the model
was discovered to be not scheduling PMC airoraft after al]l] PMC
maissions had been accomplished. This resulted in c¢losure times
becoming very much longer than would be anticipated, since
atreoraft in PMC status would not be scheduled and thus would not
be recycled through maintenance, eliminating any possibility for
them to regain FMC status. In some cases, all aircratt eventually
became PMC, thus stopping the flow. |

Even in peacetime, non-tactical airoraft are allowed to
undertake some taotiocal missions if safety can be assured, and in
wartime it is unlikely that any aircratt would stand idle if there
were even a ressonable chance that it could accomplish a mission.
Thus, it is safe ¢to assume that although the taotical vs
non=-tactical distinction would be adhered to when practiecal,
non-taotiocal airocraft would eventually be schaduled if required.

Thus, the model was changed to allow a mnon-taotical airoraft a
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:1 3$0-50 chance to return to maintenance from the solieduler if no
‘ suitable mission ware found. Combined with the 30% rate of return

to FMC onoe in maintenance, this allowed a PMC airoraft an average

23% chanoce to return to fully capable status each ¢time 1t ocould

PR,

not be scheduled. This was oconsjdersed to bDe a reasonable
representation of the eventual foroced use of PMC aircraft in s
wartime situation, and did in fast restore oclosure times to

reasonable ranges.

Suymmary

Overall, the verification and validation process was as

! thorough as possible for a model of this type and complexity. As
! expected, the process was somatimes ocomplex as the model was
pushed into situations not originally envisioned. Most important.
however, is that each step forward was sade from & known level of

performance which allowed a basis tor comparison of results.

Accordingly, the author is reasonably certain that the final model

realistically refleocts at least the nature of the interactions
within the Alaskan airlift systewm, if not their exaot magnitude.
The next ochapter will show how the finished model was used to

analyse basic aspects of system operation.
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V. Apalvsis

Qearvigw

Previous chapters have discussed the construction and testing
of the model. This chapter will discuss the use of the model for
analysis. However, complete analysis of sny theater airlift
system could oconsume months or even vyears, and it is not the
purpose of this thasis to conduot such an exhaustive exsmination.
Rather, a “basel ine" analysis will be oonducted for a
representative mission input under controlled conditions to gain
an initial insight into the system's performance. This will also
sarve to demonstrate the use of the model for analysis and to
provide the groundwork for further, more extensive research. The
analysis will consist of two separate parts: the first will be
soreening experiment designed to quickly analyze many likely
factors for signiticant etfects on the output; the second will be

a more detailed analysis of the two most important factors thus

discovered.

Analytical Consjderations

Comparative vs Predigtive Ugse. The Alaskan airiift model,
1ike others of its kind, is subject to certain limitations whan
used for analysis. First, tha wmodel is designed primarily teo
examine effects and interactions of various factors affecting the
system, and is not intended to precisely prediot such output
measures as olosure time. Although the model will provide an
estinate of closure time for a given mission stream, this estimate
mAy or may not be scourate for predictive purposes. When compared
with closure times generated under different conditions, however,

this time will be useful for estimating relative affects. It must
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3 be remembered that the assumptions upon which the model is based
reflect a projected wartime operational mode in which the system

F
g has not yet bDeen tested. As actual ezercises become more 4

P

realistic and a larger data base is built, the model's prediotive

ability could be examined and possibly validated. For the

e e

! present, however, the model’'s reflections of system performance
; should be used only for ocomparative purposes, and while
"reasonable”, these measures should be carefully examined before

é the model is relied upon for forecasting.

i V. it - condjtions. Second, system performance oan

-~ vary greatly depending on the mission input, and conclusions drawn
from runs with a particular input might not be applicable to a
different situation. For instance, results of an analysis based
on a simul taneous two-battalion move may not be accurate when
applied to two single-dattalion moves a week apart and to
di fferent locations. This is not necessarily a drawback to the
model; rather, it reflects the highly variable nature of theater
logistics systems in general and points out the i{nherent care
which must be exercised in their analysis.

Isportance of Experimental Degign. Lastly, ocareful

ezperimental design is mandatory to insure that this model (or any

other of its type) will give meaningful results. It is very

possibla to set parameters for system operation which will either

STy R o
PO PO

stop the flow altogether or which will give data which is useless

for organized analysis. A high threat situation in the feorward

S
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airhead sone, for instance, will result in the ultimate loss of

all atroraft in the system if all nissions are of the "must-fly"
i risk category. This, in turn, demonstrates nothing escept that
airlift airoraft suffer very high attrition in high-threat areas,

and the closure times (if any) whioh ate g¢gained from such an
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exercise have virtually no comparative value. (Loss of airoratt
without replacement, as in this model, results in a ocombinatorial
situation whioch induces very great variance in results.) While it
is easy to drive the mode] into extreme situations (just as with
the real system), the results of sush actions would not normally
be of analytical value. Thus, the model is most useful when used
for analysis of situations within the realm of probability;
“unreasonable” situations will almost always produce
“unreasonable” results.

tiine of Analysis. Based on these premises, the model was
used for an analysis of system performance in a representative
st tuation. First, a mission input roughly typical of a
simul taneous two-battalion move (with supporting equipment) was
constructed. Next, a number of factors which could be expected to
affect this flow were selected and socreenad (via a fractional
tactorial soreening design) to determine which were significant
esnough to warrant further examination. Finally, the two wmost
significant factors were examined in depth (using a faotorial
design and graphiocal analysis) and conclusions drawn about the

system's performance under the given conditions.

Scensrio and Miseion Input

A typical scenario for several command-post exercises in
which the author participated involved the rapid commitment of two
battalions and supporting artillery, airmobile, and support assets
against an enemy incursion at a waestern or southwestern Alaska
location. Accordingly, the mnission input was constructed to
toughly approsimate this situation, which ocould be oconsidered
cespresentative of aexpected thaater wartime operation. First,

data file MBTACK was created, containing the bulk of the missions
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to be input; MSTACK is listed (with explanation of missions) in :

Appendizx C. Next, subroutine REP was restructured to enter three

3 resupply missions each eight hours, representing day-to-day
logistios missions which could be expected to continue even in
. wartime; the listing of subroutine REP in Appendix B reflects this

configuration. During the course of the simulation, missions weare

entered at their respective ready times either by subroutine
STACK, which read data file MSTACK, or by subroutine REP, which
ocreated missions internally. Once all missions were entered from

[ MSTACK, mission input from REP was automatically ended, thus

tnsuring that mission input for each run was identical in both

time and ocomposition.

Once REP had been structured as required, the entire model
FORTRAN source code (including all subroutines) was recompiled
(using FORTRAN V) and stored as binary object file MAIN. For use
on the CYBER, files MSTACK and MAIN were stored using the NOSFILE
Indirect File Library under (file 1library identification "“DB".
These files were then recalled by the batch control deck for use

by the SLAM program during execution. The control card deck used
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to set up the model for exzecution is listed at the beginning ot

the SLAM network listing in Appendix A. All missions ocould have

LR

bdeen included in MBTACK if desired; REP was used primarily to
demonstrate the use of this alternate input mode. Exclusive use
v of the MBTACK entry mode obviates the need to restructure and

racompile the FORTRAN source code when ochanging the REP aission

~ input.

; creenin riment
- 3
f' Degign Considerations. With the mission input determined,
t; the screening experiment could be oconstructed. Fizet, it was
A 5 ’
\
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necessary to determine which factors were to be examined. Some
factors., such as the weather in zones not used for the waission
tlow, would obviously not have any effect on system performance;
thase factors could be immediately eliminated from consideration.

Conversely, some factors would have too great an influence on

system operation and could mask or skew the eftect of the faoctors

of interest; this consideration is important in a "first-out"

e

screening experiment where extreme situations are not desired. As
previously mentioned, attrition o¢an cause serious varianoe

prtoblems; accordingly, the threat input was defaulted to "no

o

3 threat" to prevent attrition from affecting the analysis. (Some
runs wers subsaeaquently made to examine attrition; these will be
discussed later in this cﬁnptnr.) This "common-sense"” elimination
process ultimately left 13 factors for screening.

Fractional Fasctorials. 8ince this experiment was intended

3 only to identify significant effects for further investjgation, a
two-level factorial design was considered appropriate. Such a
- design can measure linear effects and will satisfacotorily detect
quadratic and higher-order effeots, and thus is well suited for j
R screening purposes. A full two-level factorial in 13 wvariables,
] however, requires 27*15 (or 32768) runs; thus, various fractional
1

factorial designs were oconsidered. Fractional faotorials oan

-
. o aa

S ezamine up to (but not quite) one factor par run; however, this

[

- | . economy is purchased at the price of “confounding”. <(For a ftull
4 treatnment ot experimental design, see Montgomery., Refs 12 and 13.) !
Confounding. Essentially, confounding (also called

“sliasing”) is the oombination of several effeots into one effect

which can then be readily analyzed. 1If it oan be assumed (as it
usually oan) that most of the higher-order interactions are

! negligible, then confounding these effects with the effects of
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interest will still yield meaningful results. In practioce,
interactions of the third order and higher are considered
negligible except in very special cases. Aliasing of first and
second-aorder effects can then be very selectively ocontrolled
through the design of the fractional faotorial experiment. A
Resolution IIl fractional factorial design aliases primary eftfects
with second-order effects, but can handle up to N-1 factors in N
TuUns. Thus, if second-order effects could bDe neglected, 13
factors could be examined in only 18 runs. [f somse faoctors are
anticipated to have large effects, however, second-order
interactions may be important and thus a Resolution IV design j
might be more desirable. Such a design needs twice as many runs

as a comparable Resolution 11l design (32 runs for 15 factors, for

instance), but since it only aliases primary effects with
third-order and higher effeots, it can provide “olear” estimates
of the first-order effects for all factors. Evean though some
second-order effects are aliased with other second-order eftfects,
careful design can insure that the second-order interactions ot
very active factors are not aliased with each other. This
requires some foreknowledge of which factors are most likely to be

significant, but such information is frequently available.

Screening Experimental Design. For this 15-factor

experiment, a Resolutfon IV design raquiring 32 runs was chosen.

A major reason for this was the expected large effect of three

factors: number of alroraft, number of orews, and crew day

j length. Care was taken to insure that the sacond-order

B interaotions involving these factors (airoraft-craws,
:_f ajroraft~crew day, and oreaws~crew day) ware aliased only with ﬂ

second order effeots which ware not aexpected to be of great

importance. (This is most easily done by placing the few mnost

"
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active factors in the "primary" positions in the design -- t.e.,
the positions they would occupy if the design were to be a full
factorial without confounding. )

Care must be exercised in the choosing of the two levels for
each tactor to insure that all effeots will be represented;
normally, this means setting the factors under consideration at or
near the limits of their probable ranges. By convention, these
levels are designated (-) and (4). For instance, the (~) level
for airoraft for the Alaskan model was set at 10 and the (+) level
at 40, representing the approximate lowest and highest number of
aivcratt whioh could be expected to be available in Alaska. In
order to extract the wost value from a fractional factorial
design, soma knowledge of the anticipated direction of effeot for
each faoctor is of great value. For instance, an increase in the
nunber o0f airoraft or airorews in the Alaskan model could be
ezpected to have a beneficial effect on the output measure -- in
this case, a shorter oclosure time. Although the allocation of
“positive” and "negative” levels is striotly the analyst's choioce,
this allocation should be consistent if at all possible: moving
from the (=) to (+) level of any tactor should result (n a
decrease in closure time, for example.

Once the factors and their levals ware chosen and the final
design built (Table IV), the SLAM network isting was modified to
cause 33 runs to be made. (Throughout the .nalysis, the model was
allowed to make the first run of any multiple-run batcoh at default
parameters in order to provide a benchmark for proper model!l
operation.) For each of the 32 design runs, the faoctor [levels
were reset via INTLC statements to reflect the (=) or (¢) levels
indicated in the design. All 32 design runs ware thus

acoomplished in one bateh job by the single network listing -- a
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TABLE 1V: SCREEMING TXPLRINENT FACTORS AND DESICN
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much easier (and considerably less costly) mathod than

individual runs. The SLAM network listing in Appendixz A retleocts

the setup used to acoomplish this screening design.

Screening Regultg. With the run results from the

experiment in hand, the search for significant factors ocould
bagin. First, the estinated effects for all factors were computed
using the contrast method. For each factor, the corresponding
column of (+) and (-) signs was used as a guide for totaling the
32 run results: a (+) sign indicated that the partioular run
result was to be added, a (-) sign indicated that it was to be
subtracted. This total was then divided by 18 (32 runs divided by
2) to vield the estimated effect for the faotor {n question.
Contrasts were also set up for the second-order

asultiplying the two oconcerned columns together as if the

making 32

soreening

effects by

(+) and

tun 1 for the aircraft-crew (AC) contrast was (=-)%(-)m(+), and so

two-factor

t
(-) signs were +1 and -1, respectively. Thus, the proper sign for i
\

on for each run and each desired interaction. The

effeots were then found similarly to the main effects. The

computed effects are shown in Table V.

Table V. Effects of Facotors (in Minutes)

Faotor Effect Interaction
A - Airoratt -2088 AB ~ Aircratt/Crews
B -~ Altorews -3497 AC ~ Airecraft/Crew day
C - Crew day -1287 AD ~ Airoratt/Season
D - 8eason -3578 AR ~ Airoratt/Veather
R - Veather -408 BC - Crawsi/Crew day
r - MOG3 +23 BD - Crews/Season
€ - MOGH +154 BE - Crews/Veather
R - ATC) *30 €D - Crew day/Season
I - ATCS +2128 CE - Crew day/Season
J - FK32 -174 DE - Season/Veather
K - FXs$ -118
t - K3 -140
R - K¢ -27
N - Inst App 3 -53
0 - Inst App ¢ =98

Bffect
«1712
«40
+108
+87 ,

+10808 b

+352 !
+280
+2
+184 f
*237 !
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Normal Probability Plot. To quickly and graphiocally indicate
the significant effects, & normal probability plot was used. This
is based on the assumption that the non-significant effeots should
follow a normal distribution; when properliy plotted on normsal
probability paper, these "background noise” effects will tend to
form a stmight line, while significant effects will fall far from
the line. To make the plot, the 23 tirst- and second-order
effects computed above were rank-ordersd greatest to least. A
probability was than computed for each using the formula

P=(J-~- .5)IN
whaze J = the numerical rank of the etfeot (1 through 28), and
and N = the total number of effects to be plotted 28). The
nagnitude of esach effect was then plotted against its probability.

As can be readily seen in Figure 8, the resulting plot showed
that the ajiroraft, orew, and crew day effacts were unquestionably
signiticant, as were the aircratt-crew and crew-crew day
interactions. Thus, further examination of these three factors
was definitely indicated. The season and weather effects appeared
to be significant, bDut raguired further examination. Accordingly,
a fiveway ANOVA using the 32 run results was conduycted using the
SPSS (Btatistiocal Package for the Social Sciences) ANOVA routine.
Since season and weather were inttially anticipated to have
significant effeots, they were plzoed in "primary"” positions in
the soreening design; this allowed the original soreening design
to be ‘“collapsed” into a single replicate of a two-level,
five~factor full (faotorial design incorporating all five
potentialiy active factors; this, in tur, could de directly
analysed using the ANOVA program. As oan be seen from the ANOVA
printout in Tabla V1, season and westher were in fact sigmifieant,
although to a muoch lesser degree than aircraft, orews, and eraw
day.
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-4000 -3000 -2000 -1000 0 +1000 +2000
EFFECTS IN MINUTES
J PACTOR EFFECT (J-.g)2s J TACTOR ZrPFECY (I-.%12$
1 BC 1089 .02 14 ¢o ] . 5¢
] B 280 .08 13 N -27 .58
3 L 228 .10 18 N -3 .6
] ce 194 16 17 0 -88 T
s ¢ 154 .18 19 L -140 R[]
] 14 128 .22 19 J -17¢ .14
7 AD 109 .28 20 £ -408 .8
’ AR (3] .30 1 D -570 .02
’ 50 52 " 2 c -1207 . 08
10 AC 7] .38 3 AB -1712 .90
11 H " .42 34 A -2088 .4
12 DE 17 .48 28 ] -3497 .98
13 r 23 .50
FIGURE #: NORMAL PROBABILITY PLOT




TABLE VI: FIVIVAY ANOVA

tseser et ANALYSIS OF VARIANCE tsztstts
cTIN
T acrr 1=18 ACEFT, 2«48 ACIT
CREVS  1s13 CREVS,2.50 CREVS
CDAY 1s11 HRS, 216 MRS
SEASON  1=SUMMER, 1.VINTER

I 1=VARY, 2=MONVARY
ttrat et e RRERRNEEREARNERERERRTRERRNTSETS

(%) DENOTES SIGMIFICANT EFFICT AT 1%
(+) DENOTES SICMIFICANT SFPFECY AT 5%

sum or NEAN siculr
SOURCE OF VARIATION SOUARES DF  SQUARE 4 orr
MIN IIPICTS .14875Ee09 S UTE.0E 31587 .0
LI 1< g9 34121284.300 1 3415400 362331 .0}
t CxMve $7813470.115 1 .1Te001030.820 .00
t CDAY 13238100500 1 132508 140.742 .01
t SEASON 213%145.128 1 .07 2.0 N1
¢ VI 13310311.500 1 1328407 14018 002
1-VAY INTERACTIONS 11530077000 1 03007 35718 .01
* ACFT CREvS 13447352000 1 (T04K.08 240045 001
acrr coar 12088123 111080.035 137 .18
Acrr SEASON 1170000 106170000 1000 .32
icrr L 30313.118 1 382135.138 38 34
¢ CRVE (DAY 14000000 1 0148407 97.083 .00¢
CREVS  SEASOM 11948.133 1 11043.125 .19 1
«CIIVE W1 577813.500 1S7T1012.500  6.133 .02§
coar SEASON 4.5 I N 400 4
coar I 100025.115 1T98035.125 3.1 00)
SEASON VI 846,300 1 5840.50¢ 483 0
SIPLAINED 10230809 15 1218400 120.100 001
RSIvAL 1347000. 128 18 $4107.500
TOTAL 189008408 11 .50t

3t CASIS VERT PROCESSID.
4 CasEs ( § ICT) VERE NISSING.
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Airocraft/Aircrew Ana is

agt ot . Although the screening ezperiment
disclosed that five (faactors exercised signifiocant effeots on
closure time, it oould give little indication of the nature of
these effects. Moreover, the presence of very strong second-order
interactions bDetween aircraft, aircrews, and corew day indicated
that complex and probably nonlinear relationships might be
involved. Since season and weather, although significant, had
relatively wesk effects, further analysis was directed toward
airoraft, orews, and ortew day. To simplify this analysis, {t was
decided to treat the crew day factor (which was much the weakest
of the three) as a fixed parameter. 8Since wartime orew day limits
would probably be closer to 16 hours than to 12 hours, the higher
figute was chosen. In any case, it was logiocally assumed that a
shorter orew day would substantially increase the closure time for
a given combination of aircraft and airorews.

Experimental Design. The analysis was thus ocentered upon the
two most significant faotors -- numbers of aircraft and aircrews.
In order to explore all likely oombinations of the two, a
factorial design was chosen. Airoraft levels were set at 10, 1%,
20, 25, 30, and 40, while airorews were set at 10, 15, 20, 23, 30,
38, 40, 438, 30, and §0. These levels coverad the most probdadle
ranges of both factors in Alaska and were expected to provide a
“response surface" with enough definition to allow conclusions to
be drawn about the nature of the effecots and their interactions.

To tcy to show the airceraft/airorew effects as olearly as
possible, the system was allowed to operate freely, with good
weather, no threat, and round-the-clock operation. Forward Dase

parameters were set at approxzimately the levels used in the ARCTIC
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CIRCLE 80 exercise. These conditions were expectad to provide a
“best-case” bDenchmark whioh ocould be used to more accurately
estimate the effects of other factors in future investigations.

The data was secured using muoh the same procedure as for the
soreening esperiment. The SLAM network listing was modified to
make 61 runs (a default run and 80 data runs), with airoraft and
orew levels for each run Dbeing set by appropriate INTLC
statements. In order to provide a better data base, three 6§l-run
batch 3Jjobs were made. Each group of 60 data runs was made with a
separate random number sewd, which was inserted at the baginning
of the first data run via a SEEDS ctatement. Once set, random
number seeds were not re-initialised between separate runs. Since
any change in the airoraft/ocrew combination would result i{n a
different number of ocalls on the random number stream, each
individual run was thus assured of a ‘“separate” random number
stream. The three-run averages for sach cell are shown i{n Table
VII.

Variance Redugtion. [t should be noted that the model was
oconstruotad to use only one random number stream. 8Since the model
makes thousands of calls for random numbers in the course of a
single run, and since correlation of these calls between runs was
impassible, the use of antithetic random numbers for varianoe
reduction was ruled out. Although it may have Dbeen possible to
provide ocorrelation for ocertain isolated features (such as the
weather subroutine, which makes a set number of ocalls every six
hours), the complexity required was not judged worth the marginal
results which were antiocipated. In any case, the use of a (fixed

aission input was found to be 3 very effeotive varianoce reduotion

technique for this model.
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TABLE VII. AIRCRAFT/AIRCREW ANALYSIS RESULTS

CLOSURE TIMES IN MINUTES
(EACH CELL IS A 3-RUN AVERAGE)

NUMBER OF AIRCRAFT

PTPNNT

NUMBER
CREWS 10 13 20 3 30 40
) 10 15050 14883 149643 14987 14763 14683
L
3 : 13 10790 10877 10730 10310 10440 10823
=
9
¥ 20 10187 8893 8887 8979 8113 8142
é ; 23 10088 8336 8147 80350 7836 sl12
|
; 30 10008 8168 7594 7721 76871 7630
|
d j 3s 0868 8221 7537 7418 7371 7474
o 40 10071 81481 7203 7140 €873 7112
', 43 10083 8124 7294 60821 €743 8779
|
} S0 8923 8037 7377 6843 é798 681¢
. 60 10028 8212 7572 7054 6800 6835

Y
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Graphical Analysis. Once the data was organised and the cell
averages computed, a2 pattern immediately oemerged: the olosure
times deoreased (but at different rates) as airoraft and ocrew
levels were increased. More importantly, the times appeared to
“level off" at well-defined mnininums, which were differeant for
each factor level. Since this indicated that the relationship
between the two factors might be very oomplex, a graphical
presentation was undertaken in an attempt to keep the effects as
easy to visualize as possible. Accordingly, the graph in Figure
10 was constructed by plotting each level of airoraft as a
separate line against olosure time. (A similar graph could have
been obtained by plotting orew levels as separate lines.)

Nonlinearity of Effects. As ocan De seen in Figure 10, the
nature of the interaction between the aircraft and orews is
immediately obvious and very well defined. Several features of
this interaction would be of great use to an operational planner.
First, it is apparent that application of more resources does not
have a linear effect on closure time. In fact, the relationship
appears to be nearly exponential, and deorements in oclosure time
become inoreasingly more costly as the ultimate 1limit of
spproximately 6500 minutes is approached. (The last Qll-ton. were
entered at Ta8000 and required about 300 minutes to oomplete it
scheduled immediately.)

This marked departure from the linear ocan be assumed to be
due to the oumulative effect of system delays. For instance given
ten missions to be acoomplished, ten airoraft could close the flow
in about the time required for one umission to Dbe acoomplished
(plus saturation delays). Five airoraft, however, would require
more than double this time due to the additional “turn time"

between mnissions. For even fower airoraft, these delays would
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accumulate, especially for crew rest and extended meintenance.
For very large (flows (such as the one under consideration) this
sccumulation will eventually *“smooth out" into the non-linear
relationship shown in Figure 10.

Operational Value of Analysis. This relationship would be of
immediate oconcern to an operational planner ooncerned with force
sizing or with estimating existing capabilities. For instance, a
planner would have to make a value judgment about decreasing the
closure time from, say, 8000 minutes to 7000 minutes (a change of
about 18 hours) if it would require nearly doubling the number ot
aircraft and craws required. However, the decision-making process
would be much olarified it a graph <(or series of graphs)
similar to Figure 10 were available. For the Alaskan system, it
would seem that allocation of more than 20 to 285 sircraft to a a
flow of ¢this type (and under these oconditions) would not be
productive.

Optimum Aircrew/Airoratt Manning. Examination of the line
for each aircraft level shows another interesting feature. For a
given number of aircraft, closure time can be deoreased by adding
orews, but only to a certain point; beyond this point, additional
crews have no effect. 1In effect, the transition tton.thc curve to
the horisontal represents a "bresi point” for a given nunmber of
ajiroraft: with fewer orews, the flow is craw-limited; with more
crews, it is sirorsft-limited. Thus, the horisontal lines for the
various numbers of afrotaft represent the best possible closure
time which ocan be attained for that number of airoratt, regardless
of numbers of crews. Conversely, the curving line represents the
best possible closure time which can be attained from a given
numabdsr of oraws, regardless of number of airoraft. For each

airoraft level, the point at which the airoraft-limited portion
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interseots the curve (the crew-limited portion) can be considered
an optimum -- more crews would be wasted, while fewer crews would
cause closure time to increase. The ratio of crews to sirocraft at
these break points is approximately 1.8, whioh would indicate to
the planner that this would be the optimum crew ratio for
execution of the given flow under the given conditions. As a
matter of interest, most C-130 units are manned at a 2.0
orew-to-aircraft ratio, while Alaskan assigned forces are manned
at 1.5; thus, the 1.6 figure, which represents a ‘“best-case"
situation, might seem to indicate that Alaskan airlift forces are
undermanned.

Crewday Considerations. It is also possible to estimate the
nature of the effect of crew day length, given Figure 10. Since a
given number of aircratft will eventually reach a
maxinum-utilizsation limit beyond which additional crews are of no
consaquence, it is reasonable to assume that the '"best possible"
closure time for a given number of aircraft <(at least in the
central region of the graph) would remain unchanged if a lZ-hour
crew day were to be imposed. However, the orew-limiting curve
would shift upward, resulting in a changed "break point" for each
number of aircraft. This, of course, would result in an increase
in the optimum ocrew-to-aircraft ratio. At the lower right portion
of the graph, the "absolute best" closure times obtained by the
highest levels of airoraft and crews might well inorease, since
very g¢great numbers of orews may be required and even these large
airoraft forces might become crew-limited. (Since the Alaskan
theater would ba most fortunate to see even 30 usable airoraft,
analysis of effeots in this portion of the graph may be academic.)

Effeots of Other Factors. Effects of other factors on the

alroraft/crew interactions would probably vary in intensity, but
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would most likely serve to move the graph upward; both the
crew-limiting curve and the best-time lines would probably
increase in varying amounts, with resulting changes in the optimum
crew ratio. It is probable, however, that the general struoture
of the g¢graph would rcremain largely unchanged -- a roughly
exponential crew-limiting curve with horizontal aircratft-limiting
lines. This conclusion has been tentatively verifiad by plotting
the run results from the soreening experiment on Figure 10;
however, the shifting ocaused by other factors seems to be nmuch
more pronounced at the smaller force levels. Exploration of the
effects of other factors on the crew/airoraft curve is, of ocourse,

a subject for considerable further study.

Attrition

To test effects of attrition against known results, runs ware
with 20 aircraft and 25, 30, and 35 orews. The risk level in Zone
8 (the forward airhead) was forced to the high-threat condition
(threat present with low olouds and no escort). All other
conditions were as for the main airoraft/crew analysis. Since all
forward airhead nigsions in the input flow were '"go-at-all-cost"
missions, aircraft were thus foroed to fly into (and out of) the
high-threat area on each trip to the forward airhead. With the
high-threat attrition rete set at 10%, qo_!lowl were completed; in
fact, all aircraft were destroyed bylebout T=15000 in every run.
The sttrition zate was then Jowerad “to I%; goma flows were
completed Dby model shutdown at T=20160 (two weeks), but the
completion times had extremely wide vatglnool due to the
combinatorial nature of nonreplaced airocraft loss; in fact, the
closure times ranged from about 9000 minutes to more than 18000,

depending on the number of airoraft lost and the time of loss of
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each. Crew ratios seemed to have little effect on the closure
times; indeed, as each aircraft and its crew was lost, the flow
became more and more airoraft limited, thus tending to eliminate
the orew effect completely. Overall, the variance with attrition
was S0 extreme that no meaningful analysis could be accomplished
in the limited time available. Clearly, the topic of attrition

merits extensive additional investigation.

General Observations
Overall, the analysis would indicate that the Alaskan theater

airlitt system would have a reasonable ochance to execute its
wartime nmission under average conditions. Although more
validation work is required before the closure times yielded by
the model ocan be used for predictive purposes, it would appear
that the general! range of times is such that attaimment of theater
objectives would be feasible. For the flow analysed, a
simul taneous two-~battalion move could theoretically be completed
by theater airlift forces in 3.5 to 6 days from initial forward
ajirhead airdrops to final movement of cargo and personnel to the
forward airhead. With planned augmentation, this time would be
decreased, but only to a maimunum of about three daf- because of
forward airhead limitations. Of course, with adverse weather or
other oonstraints, these times would undoubtedly be greater, but
the analysis would seem to indiocate that the flow could still be
closed within seven to eight days, barring extreme conditions.
With threat, the question of flow completion becomes prodlematio,
since it would appear that the Alaskan airlift force simply cannot

afford attrition.
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Summary

This

preliminary analysis of the Alaskan theater. Specifically, it

showed how

chapter has discussed the use of the model for

the model can be used for both screening designs (to

quiockly detect important faotors) and for in-depth analysis (to

explore

faotors).

the

The

demonstrataed

performance of

chapter

conclusions about the viability of the model and recommendations

concerning its future applications.

will

nature of effects of a smaller number of significant

value of modal output to operational planners was
and several conclusions were drawn about the
the Alaskan theater airlift system. The next

summarise the results of this thesis and will offer
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Vil. Conclusions d Rec ndation

Summaty

Thls study has examined the performance of the Alaskan
theater airlift system in a representative wartime operating mode
through the use of a simulation model. First, the Alaskan theater
was described and the major difficulties which it presented to
planned wartime operations were discussed; also, several likely
wartima soenarios for the theater were outlined. Next, the
Alaskan airlift system was examined and its basic functions and
componants identified; ocertain assusptions were made about how
these would be included in the proposed model. A simulatfion model
was then developed which incorporated the major elements of the
system and 4its likely wartime operation. This model was
carefully chacked for proper operstion and validated agsainst
available data from the existing airlift system. The model was
then run under conditions similar teo the ‘“worst-ocase” scenario
earlier outl ined. A screening ezperiment was executed to
determine which factors significanily affeoted system performance.

The two most important factors, number of aircraft and number of

airorews, were then analysed to determine the nature of their
effects. The results of these analyses allow several oonclusions

to ba drawn about system performanoce and about the model itself.

. gonolusions
- Hodsl Viability. Based on the results of this thesis, it

would appear that a simulation model tailored to the partioular

‘ -. v . N y L) i
R A R O

combination of oconditions in Alaska can effectively be used to
' analyze Alaskan theater airlift system performanca. Although the

F. | model does not include all of the detail of the system, general
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still De

estimates of system capability and performance oan

the model can be used to ezamins the

obtained. In particular,

nature of the effeots of vartous factors on system operation under

a wide range of scenarios. The output of such studies, while

perhaps not accurate enough to be used as a purely predictive

tool, can be extremely useful in force planning and ocapability

evaluation. Given the nature of the results obtained, the model

may also have a useful predictive potential, although such use

would require more validation.

Significant Faoctors.

modeled, number of aircraft and number of aircrews most

Within the scope of system components
directly

affect systom performance under "average” operating conditions.

To a lesser extent, length of crew day, season, and weather can
exert significant influences on system operation. Faoctors such as
physical limitations at airfields and materials handling equipment

ware found to have relatively small effeots on the system under

the scenarios oonsidered.

Airorsft/Airorew Interaction.  The

very

numbers of available

ajroraft and aitorews have a complex but remarkably

well-defined effect on system ocapability. For a partioular

scenario and s given number of airoraft, system performance can be
of more airorews, but only up to a certain

improved by addition

point. Beyond this point, which ocan be easily identified Dy
graphical analysis, introduction of more orews into the system
will have no effeot. This point represents the optimun

crew-to~airoratt ratio for a given scenario. <(For a given number

of orews, system performance oan similariy be improved by

additional airoraft, dut only up to the point of optimality.) For

the scenarios examined, the optimum crew ratio was approzimately

1.8 orews per airoraft, not including "overhead® orews required
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for ground duties. Since the single active-duty Alaskan asirlift
unit is currently manned at only a 1.5 ratio, it would appear that
more aircrews would improve the wartime airliftt capability.
Another important aspect of the aircraft/airorew effect (s
that improvements in system capability become increasingly morce
costly in terms of additional aircraft and aircrews required as
the theoretical minimum time for completing a given gscenario is
approached. Indeed, the tradeoff appears to follow an szponential
pattern for the scenarios examined, and it is probable that the
pattern is similar (although perhaps shifted in magnitude) for the
conditions most [ikely to obtain in the theater. From the results
obtained, however, it would appear that the existing airlift force
(with planned augmentation and perhaps with some additional crews)
should be ocapable of satisfactorily handling the most likely

wartime requirements.

! Recommendations

This model represents a first step in evaluating Alaskan
theater airlift ocapsbility. 1t is additionally a difterent (if
not completealy new) approach to the problem of theater logistics
analysis in general and to the cpoctito area of theater airlitt
modeling. The model incorporates several new or expanded features

such as risk, variable weather, aborts, airdrops, and specifio

aission input, as well as the important aspect of ease of control

by the user. Since the model and the investigations oconducted

cA e — e a

represent only a first step, further research into the Alaskan or
other theater airlift systems using this model ocould profitably
examine a number of areas.

Attrition. Very limited axamination was made of attrition,

and no meaningful analysis could be made of the reasults obtained.
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If airlitt airoraft must operate into & high threst area,
attrition would be a very serious problem. Investigations in this
area should examine the effects ot both replacement and
non-replacemsnt of aircratft and orews, since it is reasonable to
assume that replacement of already-critical aircraft {(n wartime
night be very limited.

AMditionsl Bases. For the Alaskan system, it might be
worthwhile to examine system performance under a "split” wmove.
Such a scenario would involve operation ot two separate and
possibly simul taneous flows to the forward area, and would bring
variable weather and distance into wmore prominence. This would
require adding another (tighter/staging base, another forward
airhead, and perhaps one or more additional CCIl sites. The model
can be modified to include additional bases, although this would
require some rewriting of the FORTRAN code and addition of the
appropriate base networks. Use of additional bases should be
carefully weighed against added model! complexity, however, since

model ocomplexity grows exponentially as the number of bases |is

increased.

Maintenance and Aerial Port. Home Dase magintenance and

aerial port funotions could bde modeled in much io:. detail,
although to do so would greatly complicate the model. One
advantage to such modeling, howaver, would be to allow exzamination
of the effect of deoreasing spare parts levaels on wnission flow.
This oould becomes a form of attrition as siroratt were forced to
be grounded for lack of engines, propellers, and other key
components. A possible approach might be to track tha stock
levels of several critical assemblies; indeed, the model already
inoludes provisions for tracking engines and propellers (although

this capadbility was not used in the analysis because of Jaok of
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accurate replacement rate data). The abort triggering structure
(which largely reflects aircraft reliability) could also bDe
wmodeled in more detail; this would allow the testing of the
system's sensitivity to differing abort rates.

Interactive Operation. One of the major drawbacks of
theater-oriented mnmodels is that theater systems normally operate
on a day-by-day basis, with reallocation of resources and
determination of airlift requirements being accomplished each day.
Since ocurrently available simulation languages such as SLAM are
strictly batch-oriented, the modeler must try to anticipate all
situations into which the model may be driven during relatively
long periods of operation. A possible way to overcoma this
drawback might be to make multiple parallel Z24-hour runs and then
to average the results. Parameters and requirements for the next
day could then be entered, taking into account the previous day's
performance, and the model]l run for another 24 hours. Al though
this approach would move the theater modeling process closer to a
war-gaming oconcept, it would open up a broad new ares of
application for modeling. (Use of airlift models for aotual war
gaming might even bDe feasible.) In any oase, a day-by-day
approach would give the wmodeler far wmore ocontrol over model
performance and would allow emecution of very ocomplicated and
highly realistic soenarios. The Z4-hour approach could be used
with this model since it is designed to bDe easily ocontrolled;
however, it would require a succession of batoh jobs which might
take a great deal of time and would not be as economical as a

truly interactive model.
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Semment

As mentioned at the baeginning of this study, the Alaskan
theater is unlikely ever to become a major trouble spot. However,
this doas not preclude the use of Alaska as a testing ground for
operations in other, more volatile areas. This is, in tact, what
is being done on at least a linited scale by the Military Airlitt
Command and the U.8S. Aray. S8ince Alaska provides an in-place
theater airlift ocapability and a wide varisty of operating

environments, it ocan simulate many northern latitude operating

locations. Additionally, the great distances, sparse population,

sy | Lgian

and lack of surface transportation give Alaska many similarities

¥

with other areas of interest. In particular, Alaska is typical of

many areas where airlift would be the primary neans of

SRk b

transportation, and in which analysis of the logistics system as a

f whole tends to oenter upon the airlift network. Accordingly,

examination of airlift in Alagka can provide insight into many

b o
»

non-Alaskan areas whioh may not be amenable to examination using
other methods or models. This model, then, is not simply 2 model
for use in Alaska; rather, it represents an alternate approach to

an important aspeot of the overall theater logistics problem.
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DSB,CM177000,10800,T1200. T820043 BOWERS 4559

ATTACH,PROCFIL,ID=A810171,8N=ASDAD.

BEGIN,NOSFILE.

GET,MAIN, ID=DB.

GET,MSTACK, ID=DB.

ATTACH,PROCFIL, SLAMPROC, IDsAFIT.

BEGIN,SLAM, ,MsMAIN,PL=20000.

*EOR

GEN,BOVERS, THEATER AIRLIFT NET,2,10,82,33; ®#ssz TOTAL OF 33 RUNS

LIMITS,22,40,300; sssxxx MAX OF 22 FILES, 40 ATRIBS, 300 ENTITIES

STAT, 1,FUEL USED; txrarsr COLLECT STATISTICS BASED ON OBSERVATION

STAT.,2,M8N FLY TIME; (STAT 10 NOT USED)

STAT, 3,CREW DAY LENCTH:;

STAT,4,.GNDTIM 1,

STAT,5,GNDTIN 2,

STAT, 6 ,GNDTIM 3;

STAT,7,GNDTIN 4;

STAT,8,GNDTIM 3;

STAT, 8,SCRTIE LENGTH;

STAT,11 ,MSN 8CHD DLAY;

STAT, 12,M8N COMP DLAY;

STAT,13,CLOSURE TIME;

TIMST,IX(1) ,ACFT; awsxasxastcses (COLLECT TIME-AVERAGED STATISTICS

TIMST,IX(2),CREVS; ON KEY GLOBAL VARIABLES

TIMST,XX(3) ,ENGINES;

TIMST,ZX(4) ,PROPS;

TIMST,XX(3),TIRES;

TIMST,XX(21),ENDSWCH;

TIMBT ,XX(22) ,M8NS ENT;

TIMST,XX(23),M8NS CMP;

TIMST,XX(24),CLOSETIN;

TIMST,XX(63),M0OC3;

TINMST . XX (64),M0C4;

TIMST,XX(73),FX3;

TIMST ,XX(74),FK4;

NETVORK; stesassanssecnsensnnsenneneesnesse BEGIN NETWORK LISTING
RESOURCE/NOG3 ., 0; DEFINE RESOURCES
RESOURCE/ATC3,14,9; (LEVELS ARE SET
RESOURCE/K3,12,10; DURING EXECUTION
RESOURCE/FK3,13,11; BY GLOBAL VRBLS
RESOURCE/MOC4,15; AND SUBROUTINE
RESOURCE/ATC4,21,16; INTLC)
RESOURCE /X4 ,10,17;

RESOURCE/FK4,20,18;
i CONTINUATION-SCHEDULER SUBNET
Vs EVENT, ¢; CONTINUATION CHECK
ACT/1 ,ATRIB(17) ,ATRIB(16).BG.0,EV3; ACFT FREE, GO TO SCMED
ACT/4, ,ATRIR(18).8Q.1,0NCO; MORE LECS, GO TO DEPT
ACT,30,ATRIBC(16) .20.99; ACFT CNDED
GOON, };
ACT, ,ATRID(1S) .LB.2,G01Q; GNDED ACFT TO
ACT, ,ATRIB(1S) .2G.3,G030; APPROPRIATE BASE
ACT, ,ATRIBC(13) .20.4,C04Q; OFFLOAD SUBNETS
ACT, ,ATRIB(1S5) .8G.5,G05Q;
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EV3  EVENT,.3.1; SCHEDULER
A ACT,,ATRIB(16) .EQ.0,ENDI]; NO MSN, WAIT 1 HR
b ACT/2, ,ATRIB(16).EQ.1,0NGO; MSN ASGD, CO TO DEPT
. ACT, ATRIBC16) .EQ.100,ENS; NO PMC MSNS AVAIL --
) ; PNC ACFT TO MIMAIN
r ONCO COON; BRANCH TO DEPT SUBNETS

1 ACT/S, ,ATRIB(12).8Q.1,0N1;

& ACT/# ,ATRIB(17) ,ATRIB(12).EQ.2,0NZ;

- ACT/7,ATRIB(17) ,ATRIB(12).EQ.3,0N3;

' ACT/8 ,ATRIB(17) ,ATRIB(12).EQ.4,0N¢;
: ACT/9,ATRIB(17) ,ATRIB(12) .EQ.S,ONS;
: END1 GOON,1;

ACT/3,80.,XX(21).NE.2,EV3; NO MSN -- l-HR HOLD

; ACTI87; NO MSN -- END OF RUN

‘ END2 ASSIGN,XX(1)=XX(1)-1; DECR ACIT IN S8YS
ASSIGN,ATRIB(2)=ATRIB(S)/XX(24); SET UP UTE RATE BASED
ASSICN,ATRIB(2)=ATRIB(2)#24; ON CLOSURE TIME 3

; ACT,.XX(1).EQ.0,END3; LAST ACFT, TERMINATE !

, ACT; ACFT, CREV TO STAT COL f

_ END¢ COLCT,ATRIB(2),ACFT UTE RATE;
- ACT, ,,CRST;
E END? COLCT,FIRST,END OF RUN;
ACT,1;
TERMINATE, 1;
; DEPARTURE SUBNETS
; BASE 1 DEPARTURE SUBNET
ON1  GOON,1;
ACT/80,ATRIB(17) ,ATRIB(16) .EQ.0.AND.ATRIB(10).GE.1,0N2;

ACT/61; NEED NEV CREV
i ASSIGN,ATRIB(18)e0; R
| ACT/82,,.AQ; ACFT TO NEED-CREV QUEUE
: ACT,.01,ATRIB(10) .GE.1,CRST;
ENS  ENTER.S; CREVS FROM SCHED
CRST ASSIGN,ATRIB(17)eUSERF(12); COMPUTE CREV REST
b ACT/98,ATRIB(1T); CREV REST
i ca  QUEUE(7),,,.MATI; RESTED-CREV QUEVZ
AQ  QUEUE(S),,, ,MAT]; ACFT NEED-CREV QUEUE
MAT! MATCH,18,AG/CMRK,CQ/COL1; MATCH ACFT AND CREWS
4 COL1 COLCT,NNQG(7),RSTD CREWS AVBL;
: ACT/SS; ;
p j TERMINATE; B
f;i CMRK  ASSIGN,ATRIB(10)«TNOV+ATRIB(17); MARK NEV CREW START TIME §
g ’ ASSICN,ATRIB(33)=0; i
11 ACT,ATRIB(1T);
P ONZ  ASSIGN,ATRIB(17)=USERF(13); BASE 2 ACFT REENTER KERE
; ACT/88,ATRIB(1T); ONLOAD
; COON, 1;
! ACT,,ATRIB(12) .8Q.1,RST1; IF BASE 1, GO TO RESTRT
ACT;
RSTZ EVENT,16,1; RESTRT: ENGINE START 2
| ACT,80. ,ATRIB(18) .EQ.0,RST2; ABORT, HOLD FOR WX
- ACT.30.,ATRIBC16) .30.99,C010; BREAK - NEED RESCUE
& ACT,ATRIB(1T), ,AS1B; PROCEERD
¥ ASTI EVENT,18,1; RETSRT TASE 1
132
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AS1B
TR12

ACT., . ATRIB(16) .NE.1,G01Q;

ACT ATRIB(1T);
ASSIGN,ATRIB(17)sUSERF(14);
EVENT,18,1;

ACT,ATRIB(1IT);
GOON;

ACT,S ., ,BVS,;

i BASE 3 DEPARTURE SUBNET

ON3

EN3

603D

GO3E

EV1l

K3aB

F3as

RST?

A83B

TR3Z

TOO3

GOON, 1;
ACT, ,ATRIB(13) .EQ.0,RST3;

o+ LIRS AR s 5 6 2 B L

BREAK --MSN ABORT
PROCEED

MISSION TRACE - DEPART
TAXI-0UT

GO TO ENROUTE

NO LOAD

ACT,TRIAGC(10.,15.,20.),ATRIB(13).EQ.1,R8T3; NON-CARGO LOAD
ACT,TRIAG(15.,30.,43.),ATRIB(13) .EQ.5,RST3; PERS AIRDROP ONLOAD

ACT/81,,,G03D;
ENTER.3;
ACT/86,
GOON,1;
ACT/82, ,XX¢78) GE.1.AND _NNRSC(K3).

ACT/83;

GOON, I.;

ACT/84,,2X(73) .GE.1,F3QB;
ACT/8S;
EVENT,13.1;
ACT,10,ATRIB(16) .EQ.0,EV3;
ACT,10,ATRIBC16).EQ.1,RST3;
AVAIT(12),K3;
ACT,USERF(33);
FREE,X3;
ACT., .RST3;

AWAIT(13),FK3;

ACT,USERF(234);

FREE,FK3;

EVENT, 16,1;

ACT,60. ,ATRIB(16).EQ.0,RST3;
ACT,30. ,ATRIB(18).EQ.99,603Q;
ACT,ATRIB(1T);

ASSIGN,ATRIB(34)sTNOV-ATRIB(4);

ASSIGN,ATRIB(8)=ATRIB(§)+ATRIB(34);

ASSIGN,ATRIB(7)=ATRIB(7)+ATRIB(34);

ASSICN,ATRIB(4)aTNOW,1;

EVENT, 18,1; :
ACT/87,10.,XX¢50) .LE.2,FMC3;
ACT,,.T003;

AVAIT(14),ATC3;

ACT,15;

FRES,ATC3;

FREE ,MOG3;
ACT/8S,, ,EVS;

; BASE 4 DEPARTURE SUBNET

ON4

GOON, 1;
ACT/80, ,ATRIB(13).GE.4,EVS;
ACT, ,ATRIB(12).EQ.0,R8T4;

LOADS NEEDING MHE
ENTER MSN3 FROM CMNBTIA
GO TO X3 AVAIL CHECX

GE.1,K3Q08B; USE K3 ONLY
IF NO WAITING
GO TO FK3 AVAIL CHECK

IF FX3 IN SVC, ENTER AVAIT
NO FX3 IN SvC, RESCHI
CMBTX: IF NO FX3 AVAIL,
REENT MSN, ACFT TO SCHD
ABORT ACFT GO HOME EMPTY
AVAIT X3 FOR ONLOAD
ONLOAD

AWVAIT FX3 FOR ONLOAD
ONLOAD

RESTRT: ENG STRT 13
ABORT, HOLD FOR WX
BREAX - NEED RESCUE

GNDT IN

UPDATE ENC TFAIL
UPDATE PROP TFAIL
RESET START/STOP TINME
MISSION TRACE - DEPART
VPR DEPARTURE

AVAIT TAKEOFF CLNC
IFR DEPARTURE
OUT OF LOCAL AREA
GO TQG ENROUTE

ATRDROPS GO TO ENROUTE
NO LOAD

ACT,TRIAG(S.,10.,15.) ,ATRIB(13).EQ.1,R8T4; NON-CARGO LOAD

ACT/81,,.G04D;
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EN4 ENTER,4;
ACT/ 86,

GOAD GOON.1;
ACT/92,,XX(79) GE.1. AND.NNRSC(K4).

ACT/93;

GO4E GOON.1!;

' ACT/9¢,,XX(74) GE.1,F4QB;
ACT/93;
EV1Z EVENT,13,1;
ACT,10,ATRIB(1¢) .EQG.0,EV];
ACT,10,ATRIB(168) .EQ.1,R8TY;
K4GB AVAIT(13) ,Ké;
ACT,USERF(43);
FREE X4,
ACT,, ,RS8T¢;
F4Q8 AWAIT(20),FK4;
ACT ,USERF(43);
FREE.FK4;

RST4 EVENT,18.,1;

ACT,60. ,ATRIB(16).EQ.0,RS8TY;
ACT,30. ,ATRIB(16).EQ.99,6040Q;
ACT,ATRIB(17);

AS4B ASSICN,ATRIB(34)aTNOV-ATRIB(4);
ASSIGN,ATRIB(&)=ATRIB(E)+ATRIB(34);
ASSIGN,ATRIB(7)=ATRIB(7)+ATRIB(34);
ASSIGN,ATRIB(4)=TNOV, ;

TR4? EVENT,18,1;

TOG4 AVAIT(Z1),ATCSY;

R e et

ENTER MSNS FROM CMBT4A
GO TO K4 AVAIL CHECK

GE.1,K4QB; USE K4 ONLY
IF NO VAITING
GO TO FK3 AVAIL CHECK

IF FK4 IN SVC, ENTER QUEVE
NO FX4 IN SVC, RESCH4
CMBTX: IF NO FX4 AVAIL,
REENT MSN, ACFT TO SCHD
ABORT ACFT GO HOME EMPTY
AVAIT X4 FOR ONLOAD
ONLOAD

AVAIT FK4 FOR ONLOAD
ONLOAD

RESTRT: ENG STRT 4
ABORT - HOLD FOR WX
BREAK - NEED RESCUE
PROCEED

GNDT IN

UPDATE ENG TrAIL

UPDATE PROP TFAIL

MISSION TRACE - DEPART
AVAIT TAKEOFF CLNC

ACT, 15; IFR ODEPARTURE
FREE,ATCS; OUT OF LOCAL AREA .
FREE,MOCY;
ACT,, EVY; GO TO ENROUTE
; BABE $ DEPARTURE SUBNET
ONS GOON,1; ‘
ACT/S3, ,ATRIB(13).GE.4 . AND.ATRIB(13) NE.&,EVS; AIRDROPS J
ACT/54 ,USERF(32); ONLOAD

RSTS (EVENT,16.,1;

ACT,60. ATRIB(18).EQ.0,RSTS;
ACT,30.,ATRIB(18).20.98,G6050;
ACT ,ATRIB(17);

AS85B ASSIGN,ATRIB(34)sTNOW-ATRIB(4);
ASSIGN ATRIB(S)sATRIB($)+ATRIB(34);
ASSIGN,ATRIB(7)=ATRIB(7)+ATRIB(34);
ASSIGN,ATRIB(4)=TNOV;

TRS? EVENT,18.1;

ACT,10.,,EVS;
; ENROUTE-APPROACH SUBNET
14 4] EVENT,S,1;

,

ACT/28, ,ATRIBC(1§) .EQ.0,COL2;
ACT/20 , ATRIB(17),,.8VS;
COLZ COLCT.FIRST,LOBT ACFT;

RESTRT: ENG STRT §
ABORT - HOLD FOR WX
BREAK - NEED RESCUR

GNDTIN

UPDATE ENC TFAIL
UPDATE PROP TFAIL
RESET START/STOP FLAC
MISSION TRACE - DEPART
GO TO ENROUTE

ENRTE: SETS ENRTE TINMES,
CHECKS WX AND THREAT
ACET LOST TO THREAT
ENRTE TIME, GO TO APPRCH




VPG VU UPETSE oo

EVE

APGO
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ACT,, .DEAD; ACFT TO DEAD FILE

EVENT,§.1; APPRCH:
ACT/27,15. ,ATRIB(18) .GE.2,EVE; MISSED APPROACH, TRY AGAIN
ACT/28, ,ATRIB(18).EQ.0,EVS; CANT GET IN, GO TO ENRTE
ACT/20; SUCCESSFUL APPRCH

GOON, 1; GO TO ARRIVAL SUBNET

ACT/21, ,ATRIB(1S5).LE.2,APP];
ACT/23,,ATRIB(15) . EQ.3,APPS3;
ACT/24,,ATRIB(15).EQ.4,APPS;
ACT/25,, ,APPS;

; BASE ARRIVAL SUBNETS
: BASE 1 AND 2

APP1

AS1A

TR11
cola

GozRr
GOlv

RSQ2
Ga1vw
EV1e

ENS

EV10

DEAD

APP)

GOON;

ACT/10.5.; STRAIGHT-IN APPROACH
GOON;

ACT,1S. ,ATRIB(14) .GE. 4 ,AS1A; AIRDROP TAX!-IN

ACT,TRIAG(S.,10.,20.,1) ,ATRIB(14) LE.3,AS1A; OTHER TAXI-IN
ASSIGN,ATRIB(34)=TNOW-ATRIB(4); LEGTINM

ASSIGN,ATRIB(3)=ATRIB(3)+ATRIB(34); UPDATE TFLY SINCE HOME
ASSIGN,ATRIB(4)=TNOV; RESET START/STOP FLAC
EVENT,17; MISSION TRACE - ARRIVAL
GOON., 1; REENTRY FOR BROKEN ACFT
ACT,TRIAG(10.,20.,30.),ATRIB(15).EQ.1.AND.ATRIB(14) NE.8,C01V;
ACT,USERF(11),ATRIB(14) NE.S,GC01V; OFFLOAD

ACT,TRIAG(10.,20.,30.); RESCUE OFFLOAD
GOON; REL NODE FOR RESCUED ACFT
GQON, 1,
ACT,. . ATRIB(1S5).EQ.1,G01V; BASE 1 TO RESCH
ACT/12; , BASE 2
GOON, }; a
ACT, ,ATRIB(16) .NE 9898 ,EVe; REC BASE 2 TO CONTIN
ACT;
EVENT,13,1; CALL RESCUE MSN

ACT ,REL(GOZR) ,ATRIB(19) EQ.1,RSQ2; ACFT AVAIT RESCUE

ACT ,ATRIB(17),ATRIB(19) .EQ.0,R8T2; FIITIM FOR RESCVUE
GOON.1;

ACT/13, ,ATRIB(11) .EQ.1 OR.ATRIB(11) .EQ.3,EV14; GO TO RESCH

ACT/14,, ,EV10; IF NOT ABORT, GO TO MIMAIN
EVENT, 14; RESCH1: RETURN ABORTED
MSNS TO MSN FILE
ACT,, ,EV10; ACFT TO MIMAIN
ENTER, 5; INITIAL ACFT ENTRY
ACT/9%;
EVENT,10; MEIMAIN: MAIN BASE MX
ACT/15,ATRIB(17) ,ATRIB(16) . EQ.1,EV4; AFTER MX, GO TO CONTIN
ACT/16, ,ATRIB(18) .6Q.0,CRST; NORS ACFT CREW TO CREV REST

ACT, ,ATRIB(18) .EQ.0;
COLCT,FIRST ,NORS ACFT;

NORS ACFT TO DEAD FILE

QUEUVE(22); FILE FOR OUT-OF-PLAY ACFT
: BASE 3 ARRIVAL SUBNET
AVAIT(8) ,MOGS3,1; ) AVAIT ROOM ON GROUND
ACT/31,7.,X3¢(50).LE.2,A83A; VFR APPROACR/LDG
ACT/30; VX 1ER
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APQ3

AS3A

TR31
¢o3a

CO3A

ENI

AL3A

K3QA

F3aA

GO3R

Goav

AWAIT(9) ,ATC),

ACT,12.;
FREE . ATC3;

ACT,S . ;
ASSIGN,ATRIB(34)sTNOW-ATRIB(4);
ASSIGN,ATRIB(3)«ATRIB(3)+ATRIB(34);
ASSIGN,ATRIB(4)sTNOV, 1;

EVENT.17;
GOON.1;

ACT,TRIAG(10.,20.,30.),ATRIB(14) EQ.8,G03R; RESCUE OFFLOAD
ACT, ,ATRIB(14) .EQ.0.OR.ATRIB(14).GE.4,G03V; NO LOAD
ACT,TRIAG(10.,15.,20.) ,ATRIB(14) .EQ.1,G03V; NON-MHE

ACT/32;

GOON,1;

ACT/33,,XX(78) .GE.1.AND.NNRSC(K3).
ACT/34,;

GOON, 1,
ACT/33,.,XX(73).GT.0,F3QA;
ACT/36,, ,AL3A;

ENTER, };

ACT37;

ALTER,MOG3/-~-1;
ACT/38,10.;

GOON;

ACT, ., ,GO3V;
ACT,TRIAG(10.,30.,80.);

ALTER,MOG3/1;

TERMINATE

AWAIT(10) ,K3;

ACT ,USERF(31),;

FREE . X3;

ACT,, .GO3V;

AWAIT(11),FK3;

ACT ,USERF(32);

FREE,FX3;
ACT, , ,GO3V;

COON;

GOON, 1;

ACT, .ATRIB(16).NE .39 ,EV4;
ACT;

EVENT,15.,1;

ACT,REL(GO3R) ,ATRIB(19) .EQ.1,R803:;
ACT, ATRIBC(17),ATRIBC1S8) . EQ.0,RSTS;

; BASE 4 ARRIVAL SUBNET

APP4

NCQ¢
APQ4

FAPY
AS4A

GOON, 1;

ACT/40, ,ATRIB(14) .GE.4 AND .ATRIB(14) NE.8,EV4; AIRDROPS

ACT/41;

AWAIT(13),MOG4;

AVAIT(18) ,ATCs,);
ACT/43,7.,XX(48).LE.1,FAPS;
ACT/43,15.;

FREE .ATC4;

ASSICN,ATRIB(34)=sTNOV-ATRIB(4);

ASSIGN,ATRIB(3)=ATRID(3)ATRIB(34);
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AVAIT IFR CLNC

IFR APPROACH/LDG

CLEAR OF RUNWAY

TAXI-IN

LECTIN

UPDATE FLY TIM SINCE HOME

MISSION TRACE - ARRIVAL
RE-ENTER FOR NEED-RESCUZ

MHE NEEDED
GE.1,K30A; USE K3

CHECK FK3
USE FX3
ALL FX3 DOWN
CMBT OFFLDS FROM F3GA
ENTERED BY CMBTO3
REDUCE GND SLOTS UNTIL
ACTUAL OFFLD CNPLT
AND CARGO DRAGGED
CLEAR
TIME TO CLEAR
WHEN CLEAR, INCR MOG

WAIT FOR K-LOADER
OFFLOAD

GO TO CONTIN
VAIT FOR EXLFT
OFFLOAD

GO TO CONTIN
REL NODE FOR RESCUE

REC MSN TO CONTIN

CALL RESCUE 3
AVAIT RESCUE
FIZTIN

TO CONTIN

AVAIT ROOX ON GROUND
AVAIT IFR CLNC

VFR APPROACH/LDG

IFR APP/LDC ,
CLEAR OF RUNWAY ‘
LEGTIN !
FLYTINE SINCE KOME

geman




TR4)
Go4Q

(ML}

ENZ

AL4&A

K40a

F4QA

GO4R

GOav

RSQ4

APPS

AS3A

L VOSSN

TRS1
G¢osa

' cosr
' Gosv

wr'?"ﬂn' “r—vrw ey

ASSICN,ATRIB(4)aTNOW, {;
ASSICGN,ATRIB(8)=ATRIB(8)+1;
EVENT,17;

GOON, !;

RESET START/STOP
UPDATE MAX EFF LDG8
MISSION TRACE - ARRIVAL
NEED-RESCUE REENTER

ACT,TRIAG(1D.,20.,30.),ATRIB(14) .EQ.8,C04R; RESCUE MNSN
ACT, ,ATRIB(14).EQ.0.OR.ATRIB(14) GE.4,G04V; NO LOAD
ACT,TRIAG(10.,15.,20.),ATRIB(14) EQ.1,C04V; NON-MRE

ACT/44;
COONII;

MHE NEEDED

ACT/43, ,KX(79) .GE.1 AND .NNRSC(X4).CE.1,K4QA; USE K¢

ACT/46;

GOON, 1

ACT/47, ,XX(74) .GT.0,F4QA;
ACT/48,, AL4A;
ENTER, 2;
ACT/49;
ALTER,MOG4 /-1 ;
ACT.10.;
GOON;
ACT, ., ,GO4V;
ACT,TRIAG(10.,.30.,60.;
ALTER MOG4/L;

TERMINATE;

AWAIT(IT7) , K4,
ACT,USERF(s1);
FREE . K4 ;
‘CT' ] GO(V,
AWAIT(18),FX4;
ACT,USERF(42);
FREE,FX4;
ACT, , GOV,
GOON;
GOON, };
ACT, ,ATRIB(16) NE. 99 ,EVY;
ACT:
EVENT,15.1;

ACT,REL(CO4R) ,ATRIB(18) .EQ.}),RS04;

ACT,ATRIB(17), ,RSTS;

; BASE 3 ARRIVAL SUBNET

GOON, 1;

CHECK FK4
USE fXe
ALL FK¢ DOWN
CMBT OFFLDS FROM F4QA
ENTERED BY CMBTO4
REDUCE GND SLOTS UNTIL
ACTUAL OFFLD CMPLT
AND CARGO DRAGGED
CLEAR
TIME TO CLEAR
WHEN CLEAR, INCR MOG

WAIT FOR K-LOADER
OFFLOAD

GO TO CONTIN
VAIT FOR FKLFT
OFFLOAD

GO TO CONTIN
RESCUE TRIGGER NODE

REGC MSN TO CONTIN
CALL RESCVE ¢

AVAIT RESCUE
FIXTINM

ACT, ,ATRIB(14) .GE. 4 AND ATRIB(14) .NE.3,EV4; AIRDROP

ACT,10.;
ASSICN,ATRIB(34)«TNOW-ATRIB(4);

ASSICN , ATRIB(3)sATRIB(3)+ATRIB(34);

ASSIGN,ATRIB(4)=sTNQV;
ASSIGN, ATRIB(8)=ATRIB(8)+];
EVENT,17:

GOON, 1;

ACT ,USERP(S1),ATRIB(24) NE.3,CO0V;

APPROACH/LDG/TAXL
LECTINM

FLYTIM SINCE HOME

RESET START/STOP

UFDATE MAX EFF LIG
MISSION TRACE - ARRIVAL

OFFLOAD

ACT, TRIAG(10.,20.,30.),ATRIB(14) .EG.¢; RESCUE OFFLOAD

GOON;

GCOON. 1;
ACT, ,ATRIBC(16) .NE .38 ,EV4¢;
ACT;
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RESCUE TRIGGER NODE

REG M8BN TO CONTIN

BN YA T



RSQ5 EVENT,15.1; CALL RESCUE 5
ACT.REL(GOSR) ,ATRIB(19) EQ.1,RSQ5; AWAIT RESCUE
ACT,ATRIB(17),,RSTS; FIITIN

ENDNETWORK ;

INITIALIZE,O0.,20180.; tesxeexxnensnnenr DEFAULT STOP TIME IS Ts=20160

;RRtRARRERRRRNRRRNARRRNRARRANRn2t DEFAULT SETTINCS FOR GLOBAL VARIABLES

INTLC, XX(1)=10, XX(2)=13, XX(3)=50, XX(4)=50, XX(S)al;

INTLC, XX(10)=880, XX(11)=3, XX(12)=5, XX(13)sl0;

INTLC, XX(20)=0, XIX(21)a0, XX(22)20, ¥X(22)a0, XX(23)al, XX(24)s0;

INTLC, XX(28)=0, XX(31)a=l, XX(32)al, XX(34)=0, IX(35)=0;

INTLC, XX(38)sl, IZ(3T)=0;

INTLC, XX(41)s2, XX(42)s2, XX(43)s2, XX(44)=2, XX(45)s2;

INTLC, 2X(46)=2, XX(47)=2, XX(48)s2, XX(48)s2, XX(50)nZ;

INTLC, XIX(63)=6, XX(64)>=2, XX(68)m2, XX(6)=l;

INTLC, XX(73)a4, XX(74)a2, XX(78)sl, IX(T8)al;

INTLC, XX(81)=22, XX(82)w2, XX(B3)a2, XX(84)2l, XX(85)s=l;

INTLC, ZX(88)=6, XX(88)a3, XX(30)uZ;

INTLC, XX(97)a0, XX(98)=0, XX(98)s0; XX(100)a0;

PRIORITY,1,LVE(S); weenznexxxessxxes SPECIFY MISSION FILE PRIORITY

PRIORITY,Z,LVF(5); RANKINC SYSTEM

PRIORITY,3,LVF(S); .

PRIORITY, 4 ,LVF(5);

PRIORITY,S,LVF(5);

H 1332232332123 322232232338333232223828222222822)] DE}'AULT RUN CQHPLETED

SIMULATE; BEGIN DATA RUN 1 sxsasesxns BEGIN 32-RUN SCREENING DESIGN

INTLC, XX(1)=10, XX(2)wlS, XX(10)=720, XX(31)a3, XX(34)=2;

_ INTLC, XX(63)=4, XIX(64)n2, XX(68)al, XX($M)al, IX(T3)al, IXC(T4)n];

4 INTLC, IX(78)a22, XX(79)al, IX(83)a2, XX(84)=l;

o SIMULATE; BEGIN 2

INTLC, XX(1)a40;

' INTLC, XX(83)=l10, IX(64)=3, ZX(68)sZ, XX(88)a2, XX(73)s4, XX(T4)ul; -

INTLC, XX(78)=0, XX(78)=0, XX(83)x1, XX(84)=0;

SIMULATE; BEGIN 3

INTLC, XX(1)210, XX(2)=50;

INTLC, XX(89)=1, IX(73)al, XX(74)sl;

INTLC, IX(84)sl;

SIMULATE; BEGIN 4

INTLC, XX(1)=40;

INTLC, IX(63)=4, XX(84)u2, XX(E8)=l, XX(E9)=2, XI(73)ud, IX(T6)n2;

INTLC, XX(78)e2, XX(79)al, XX{(83)m2, XX(04)e0;

SINULATE; BEGIN 5

INTLC, ZX(1)=10, XX(2)=15, XX(10)=040;

INTLC, XX(63)=10, IX(T4)=l;

INTLC, XX(78)=0, XX(78)=0;

SIMULATE; BECIN ¢

INTLC, XX(1)=40;

INTLC, XX(83)ed, XXCE4)nd, XX(68)aZ, IX(69)sl, XX(73)sl, IX(T4)al;

' INTLC, X2(70)s2, XX(798)=l, XX(83)=sl, XX(84)=l;
SIMULATE; BEGIN 7
INTLC, XX(1)=10, £X(2)=50;
3 INTLC, XX(88)=2, XX(73)e4, XX(T4)sl;
- INTLC, I1X(84)=0;
' SIMULATE; BEGIN 8
INTLC, IX(1)=40;

B U P
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INTLC, XX(63)al0, XX(64)sZ, XX(6¥)=l, XX(69)al, XX(73)sl,
INTLC, XX(78)=0, XX(73)s0, XX(83)e2, XX(84)s];

SIMULATE; BEGIN 9

INTLC, XX(1)s10, XX(2)=13, XX(10)=720, XX(31)=];

INTLC, XX(83)=4, XX(64)=3, XX(B89)sZ;

INTLC, XX(79)sl, XX(83)=l, XX(84)s0;

SIMULATE; BEGIN 10

INTLC, 2X(1)=40;

INTLC, ZX(83)=10, XX(64)=2, XX(88)=2, XX(69)sl, XX(73)s4,
INTLC, IX(78)=2, XX(79)=0, XX(83)=2, XX(84)=];

SIMULATE; BEGIN 11

INTLC, XX(1)=10, XX(2)=50;

INTLC, XX(88)=2, XX(T73)=l, XX(74)al;

INTLC, IX(84)s0;

SIMULATE; BEGIN 12

INTLC, XX(1)s=40;

IX(T4)ul;

IX(T74)=];

INTLC, XX(83)=4, XX(64)=3, XX(E8)=l, XX(§8)sl, XIX(73)=4, XX(74)sl;

INTLC, XX(78)=0, XX(79)=1, XX(83)=]1, XIX(84)=nl;
SIMULATE; BEGIN 13

INTLC, XX(1)=10, XX(2)=13, XX(10)=080;

INTLC, XX(€3)=10, XX(T4)=l;

INTLC, XX(78)=2, XX(79)s=0;

SIMULATE; BEGIN 14

INTLC, XX(1)=40;

INTLC, XX(83)=4, XX(64)=2, XX(88)22, XX(§9)s2, XX(T7)=l, XX(T4)sl;

INTLC, XX(78)a0, XX(78)=l, XX(83)eZ, XX(84)=0;

SIMULATE; BECIN 13

INTLC, XX(1)=10, XX(2)=50;

INTLC, XX(88)=l, XX(73)=d4, XX(74)ul;

INTLC, XX(84)sl;

SIMULATE; BEGIN 1@

INTLC, IX(1)=40;

INTLC, XX(63)s10, XX(84)=3, XX(E8)s=1l, XX(69)=2, XX(73)sl,
INTLC, XX(78)aZ, XX(78)=0, XX(83)sl, XX(84)=0;

SIMULATE; BEGIN 17

INTLC, XX(1)=l0, XX(2)=l3, XX(10)=720, XX(31)23, XX(I4)=];

IX(74)s];

INTLC, XX(63)=4, XX(84)s2, XX(68)aZ, XX(68)s]l, XX(73)s4, XX(T8)=l;

INTLC, XX(7%)=0;

SIMULATE; BEGIN 18

INTLC, XX(1)=40;

INTLC, XX(63)=10, XX(84)a3, XX(88)sl, XX(ED)=2, XX(73)a},
INTLC, IXI(78)=0, XX(79)sl, XX(83)s2, IX(84)=];
SIMULATE; BEGIN 19

INTLC, XX(1)=10, XX{(2)=50;

INTLC, XX(88)=l, XZ(73)ed, IX(T74)a2;

INTLC, IX(84)e0;

SIMULATE:; BEGIN 20

INTLC, XX(1)=40;

IX(74)s-];

INTLC, IX(83)s4, XX(84)s2, KX(08)=2, XX(E)s2, XX(T73)s]l, ZX(T4)s];

INTLC, XX(78)s2, XX(78)s0, XX(83)=sl, XX(84)=l;
SIMULATE; BEGIN 21

INTLC, 3X(1)=10, XX(2)el3, XX(10)=900;

INTLC, ZX(83}=10, XX(74)wl;

INTLC, XX(78)=0, IX(78)s=];
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SIMULATE: BEGIN 22

INTLC, XX(1)=40;

INTLC, XX(83)=4, XR(64)=3, XX(88)=1l, XX(88)sl, ZX(73)nd4, XX(74)s]);
INTLC, XX(70)s2, XX(79)=0, XX(83)=2, XX(84)s0;

SIMULATE; BEGIN 21

INTLC, XX(1)=10, XX(2)=50;

INTLC, IX(68)=2, XX(T3)sl, XI(74)=2;

INTLC, XX(04)s];

SIMULATE; BEGIN 2¢

INTLC, IX(1)s=40;

INTLC, XX(83)=10, IX(84)s2, XX(§8)s2, IX(E8)=x]l, XX(73)ué, XX(T4)sl;
INTLC, XX(78)=0, XX(78)sl, XX(83)sl, XX(04)=0;

SIMULATE: BEGIN 23

INTLC, XX(1)s10, XX(2)=15, XX(10)=720, XX{(31l)sl;

INTLC, X2(63)=4, XX(64)s3, XX(69)s2;

INTLC, XX(79)=0, IX(83)s2, XI(84)=];

SIMULATE; BEGIN 28

INTLC, XX(1)=40;

INTLC, XX(83)=10, XX(64)=2, XX(68)=1, XX(68)=l, XX(7)sl, XX(74)s2;
INTLC, XX(78)a2, IX(78)=1, XX(83)=l, XX(84)=0;

SIMULATE; BEGIN 27

INTLC, XX(1)=10, XX(2)=50;

INTLC, XX(88)=2, XX(73)=4, XX(74)s];

INTLC, IX(94)s};

SIMULATE; BEGIN 28

INTLC, XX(1)=40;

INTLC, XX(83)=4, XX(84)=3, XX(68)s2, XI(88)=]l, XX(73)sl, XX(74)s2;
INTLC, XX(78:=0, XX(79)=0, X2(83)=2, XX(84)=0;

SIMULATE; BEGIN ¢ .

INTLC, XX(1)=10, XX(2)s13, XX(10)=980;

INTLC, XX(83)s10, XX(74)si;

INTLC, XX(78)=22, XX(79)s=];

SIMULATE; BEGIN 30

INTLC, XX(1)=40;

INTLC, IX(63)=4, IX(64)=2, IX(68)s]l, XX(68)a2, XX(T3)s4, LX(74)ul;
INTLC, XX(78)=0, XX(79)=0, XX(83)=], XX(84)=];

SIMULATE; BEGIN 31

INTLC, XX(1)=10, XX(2)=30;

INTLC, XX(88)=l, XX(73)sl, XX(74)sl;

INTLC, XX(84)=0;

SIMULATE; BEGIN 32

INTLC, XX{1)=40;

INTLC, XX(§3)=10; IX(84)=3, XZ(E8)=2, XX(8§8)=2, XX(T73)=d, XX(T74)=l;
INTLC, XI(78)s2, XX(70)=l, XX(83)s2, IX(84)s=];

FIN;
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INDEX TO FORTRAN LISTINGS

SUBROUTINE CALLS AND LINKAGES ...... .. .. ... ................. 143

REPLACEMENTS FOR SLAM DEFAULT ROUTINES

PROGRAM MAIN . .. . .. . ... e 143
SUBROUTINE EVENT .......... ... ... . . i, 145
FUNCTION USERF ..... .. ... . .. i 147
SUBROUTINE INTLC . ....... . . .. . .. i 15¢

CLOCK-RELATED SUBROUTINES

CLOCK .. e 153
2 133
CMBTI/CMBTIA . . . e 156
FXQ/CMBTA/CMBTAA . . . . ... e e 137
CM BT . e 1358

MISSTION ENTRY SUBROUTINES

BTACK .. e e e 158
1 - 162
RESCH . e 163
MBNT LM ... e e 164

SCHEDULING-RELATED SUBROUTINES

SCHED .. ..o oo, e 187
BCHBET .. o oot e 173
DEDHED . .. oot e e e e e 178 -
ETACHK .. oottt e e e e e e e 178
Y S 181
WECHK oot e e 103
ETRCHK . oot e e e 185
THREAT .o oo oo e 188

GENERAL NETWORK FLOW SUBROUTINES

MEIMAIN e e e e e 18¢
RESCUE . . . e e e 181
CONTIN . ... e e e i e 19¢
REBTRT . . . e e e e 200
-3 . - 208
AP PRCH . .. .. e e i e 210

TRACE SUBROUTINE




SUBROUTINE CALLS AND LINKAGES:

SUBROUTINE CALLS CALLED BY EVENT
APPRCH DEDHED EVENT NODE $
RESCH
cLock WX <¢J) INTLC 7
THREAT CLOCK (R1
CLOCK (R1
CMBT3 CMBT3A FX3
CMBT3A CMBT3 11
CMBTS CMBT4A FK4
CMBT4A CMBTS 12
CMBTX EVENT NODE 13
CONTIN DEDHED EVENT NODE 4
RESCH
ENRTE WXCHK EVENT NODE s
RESCH
ETACHK SCHED
FX? CMBT3 INTLC 8
FK3 (R1 FX3 (R}
FX4 CMBTA4 INTLC 9
FK4 (R} FK4 CR3
FTRCHK WX CHK
ENRTE
MSNTIM 8TACK 2
REP(K)
RESCH
RESCUE
MTRACE(1) EVENT NODE 17,18 .
APPRCK
CONTIN.
ENRTE !
MSNTIM |
RESTRT ]
RESCUE
SCHED : :
i MXMAIN EVENT NODE 10 !
REP(X) MSNTIM INTLC 19-23
REP(X)> [R) REP(K) [(R1
RESCH MSNTIM EVENT NODE 14
APPRCH
. CMBTX :
CONTIN :
i ENRTE
=~ RESCUE ;
} RESTRT -
o RESCUE MSNTIM EVENT NODE 1s ,
- RESCH i
b RESTRT DEDHED EVENT NODE l¢ j
. RESCH
F' SCHED DEDHED EVENT NODE 3
- ETACHK
L SCHSET
o WXCHX
| ‘
& 143 |
N |

‘
4
4
l'
A
b
A
»:
i'
-9




SCHSET SCHED H
STACK MSNTIM INTLC 1
STACK [R1 8TACK (R)
THREAT cCLocx
WX CHK FTRCHK APPRCH
DEDHED
ENRTE
INTLC
SCHED
wX<J) CLOCK

NOTE: [R1 DENOTES SUBROUTINES CALLING/CALLED BY
THEMSELVES (VIA SLAM EVENT CALENDAR)
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RS S S0 h RS Y 2

CALL STACK

R ... e o AT X B R LR 0«

PROCRAM MAIN(INPUT,OUTPUT,TAPES=INPUT,TAPES=QUTPUT)

DIMENSION NSET(12000)

COMMON/SCOML/ ATRIBC(100),DD¢100),DDL(100),DTNOV, 11 MFA,
MSTOP ,NCLNR ,NCRDR ,NPRNT ,NNRUN,NNSET .NTAPE . 88(100) ,88L(100),
TNEXT, TNOV, XX(100)

COMMON/UCOM1/ ETELST(25),ZONLST(130),BASLST(2S5)

COMMON/UCOM2/ RTALST(1350)

COMMON QGSET(18000)

DATA ZONLST/1,3%0,1,2.4%0,1,9,10,3%0,1,9,10.,6,2%0,1,13,4,320,

2,2,1,320,2,5%0,2,10,4%0,2,10,6,3%0,2,9,4,23%0,
10,9,1,3%0,10,2,4%0,10,5%0,10,6,4%0,10,5,4,3%0,
6,10,9,1,2%0,6,10,2,3%0,6,10,4*0,6,35%0,6,5,4,3%0,
4,3,1,3%0,4,9,2,3%0,4,3,10,3%0,4,5.,6,3%0,4,520/

DATA ETELST/ 0, 50, 80,150, 90,

so, ¢, 60,120,130,
8o, 60, 0, 60,120,
150,120, 80, o, %0,
80,150,120, 90, 0O/

DATA BASLST/1,2,3.4,5,

2.3:4.1.,3,
3,2.4,1,8,
4,3,2.1,3,

: 3:1:2131"

EQUIVALENCE (NSET(1),QS8ET(1))

NNSET=18000

NCRDR=35

NPRNT a8

NTAPE=?7

CALL SLAM

§TOP

END

SUBROUTINE EVENT(IJ)

COMMON/SCOM1/ ATRIB(100),00¢(160),DDLC100),DTNOV, 11 ,NFA,
MSTOP ,NCLNR,NCRDR,NPRNT ,NNRUN,NNSET ,NTAPE,58(100) ,88L(100),
TMEXT, TNOV,XX(1400)

COMMON/UCOM1/ A(40) ,ETALST(150),BTELST(23),ZONLST(130),
BASLST(23) ,MOCLST(3) ,MSNETA(10)

G0 TO (1,2,3,4,5,6,7,8,0,10,11,12,13,14,15,16,17,18,

1¢,26,21,22,20.1J

RETURN

CALL MSNTIM
RETURN

CALL SCHED
RETURN

CALL CONTIN
RETURN

CALL ENRTE
RETURN

CALL APPRCH
RETURN

CALL CLOCK
RETURN

CALL K2
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RITURN

CALL FK4¢
RETURN

CALL MIMAIN
RETURN

CALL CMBTaA
RETURN

CALL CMBTeA
RETURN

CALL CMBTX
RETURN

CALL RESCH
RETURN

CALL RESCUE
RETURN

CALL RESTRT
RETURN

CALL MTRACE(D)
RETURN

CALL MTRACE(4)
RETURN

CALL REP(1)
RETURN

CALL REP(2)
RETURN

CALL REP(D)
RETURN

CALL REP(4)
RETURN

CALL REPF(5)
RETURN

END
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FUNCTION USERF(IJ)
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV,I1,MFA,
:  MSTOP,NCLNR,NCRDR,NPRNT,NNRUN,NNSET,NTAPE,58¢100),88L(100),
: TNEXT,TNOV,XX(100)
IF (1J.EQ.11) GO TO 1l
IF (1J.§Q.12) GO TO 12
IF (1J.EQ.13) GO TO 13
IF (17.EQ.14) GO TO 14
IF (1J.EQ.31) €O TO 231
IF (1J.EQ.32) GO TO 32
IP (1J.EQ.33) GO TO 33
IF (1J.EQ.34) CO TO 34
IF (1J.EQ.41) CO TO 4l
1F (1J.50.42) GO TO 42
IF (1J.EQ.43) GO TO 43
IF (1J.EQ.44) GO TO 44
IF (1J.£Q.51) GO TO Sl
IF (1J.EQ.52) GO TO 52

€ MAIN BASE OFFLOAD

11 IF (ATRIB(14).EQ.0) USERFs=0.
IF (ATRIB(14) .EQ.1) USERE=TRIAG(S.,15.,25.,1)
IF (ATRIB(14).EQ.2) USERFsTRIAG(1S.,30.,45.,1)
IF (ATRIB(14) .EQ.3) USERFsTRIAG(1S.,30.,45.,1)
If (ATRIB(14).EQ.4) USERFe0.
IF (ATRIB(14).EQ.5) USERFTRIAG(20.,30.,40.,12)
IF (ATRIBC14).EQ.8) USERF=TRIAG(20.,40.,80.,1)
IF C(ATRIBC14).EQ.7) USERF«TRIAG(10.,20.,30.,1)
RETURN

C CREV REST

12 ATRIB(18)s0
CDAY=ATRIN(1)-ATRIBC10)
IF (ATRIB(10).CE.1) CALL COLCT(CDAY,3)
USERF+720-TNOWV+ATRIN( 1)
IF (USERF.LE.O0) USERPu0
RETURN

€ MAIN BASE ONLOAD

13 IF CATRIBC13).EQ.0) USERFel0.
IF (ATRIE(13).EQ.1) USERF«TRIAG(10.,20.,30.,1)
IF (ATRIB(13).EQ.2) USERE~TRIAG(20.,30.,50.,1)
IF (ATRIB(13).EQ.3) USERF«TRIAG(30.,45.,75.,1)
IF (ATRIB(13).GE.4) USERF=TRIAC(30.,00.,80.,1)
RETURN

C MAIN BASE TAXI-OUT

14 ATRIB(34)=TNOW-ATRIB(4)
ATRIB(G)sATRIB(S) +ATRIB(34)
ATRIB(7)=ATRIB(T) +ATRIB(34)
ATRIB(4)«TNOV
17 (ATRIB(14).GE.¢) USERFulS.
IF (ATRIBC14).LE.3) USERPeTRIAG(S.,10.,20.,1)
RETURN

C BASE 3 40K OFPFLOAD

it IF C(ATRIBC14).2Q.2) USERPaTRIAG(10.,13.,20.,1)
IF (ATRIB(14).EQ.3) USERF=TRIAG(10.,20.,30.,1)
RETURN
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C BASE 3 FORKLIFT OFFLOAD
32 IF (ATRIB(14).EQ.2) USERFaTRIAG(15.,20.,30.,1)
, IF (ATRIB(14) .EQ.3) USERF=TRIAG(20.,25.,40.,1)
' RETURN
; C BASE 3 40X ONLOAD
i 33 IF (ATRIB(13).EQ.2) USERF=TRIAG(10.,15.,20.,1)
- IF (ATRIB(13).EQ.3) USERFaTRIAG(15.,20.,30.,1)
IF (ATRIB(13).EQ.6) USERFP=TRIAG(20.,40.,80.,1)
RETURN
C BASE 3 FORKLIFT ONLOAD
- 34 IF (ATRIB(13).EQ.2) USERFaTRIAG(10.,25.,40.,1)
o IF (ATRIB(13) EQ.3) USERF=TRIAG(20.,30.,45.,1)
- IF (ATRIB(13).EQ.6) USERF=TRIAG(30.,60.,80.,1)
RETURN
| ~ C BASE 4 40K OFFLOAD
| 4] IF (XX(31) . NE.3) THEN
IF (ATRIB(14).EQ.2) USERF«TRIAG(10.,15.,20.,1)
IF (ATRIB(14).EQ.3) USERFsTRIAG(15.,20.,30.,1)
- ELSE ,
| ' IF (ATRIB(14).EQ.2) USERF=TRIAG(10.,20.,35.,1) :
' IF (ATRIB(14).EQ.3) USERFsTRIAG(15.,25.,40.,1)
, ENDIF
p RETURN
. C BASE 4 FORKLIFT OFFLOAD
F '} IF (XX(31).NE.3) THEN

; IF (ATRIB(14).EQ.2) USERF=TRIAG(10.,15.,20.,1)
A IF (ATRIB(14).5Q.3) USERFeTRIAG(1S5.,20..,30.,1)
1 ELSE
IF (ATRIB(14)_.EQ.2) USERFeTRIAG(10.,20.,35.,.1)
I? (ATRIB(14).EQ.3) USERFsTRIAG(1S5.,25.,40.,1)
ENDIF
RETURN -
C BASE 4 40K ONLOAD
43 IF (XX(31).NE.3) THEN
IF C(ATRID(13).EQ.2) USERF=TRIAG(10.,25.,40.,1)
IF (ATRIB(13).EQ.3) USERFaTRIAG(20.,20..45.,1)
ELSE
IF (ATRIB(13).EQ.2) USERFsTRIAG(20.,30.,45.,1)
- IF (ATRIB(13).EQ.3) USERFaTRIAG(30.,45.,60.,1)
ENDIF
RETURN
C BASE ¢ FORKLIFT ONLOAD
'Y} IF (XX(31).NE.3) THEN
- IF (ATRIB(13).EQ.2) USERF=TRIAGC(10.,25.,40.,1)
IF C(ATRIN(13).EQ.3) USERF=TRIAG(20.,30..45.,1)
ELSE
IF (ATRIB(13) .BO.2) USERF«TRIAG(20.,30.,45.,1)
I? (ATRIB(13).EQ.3) USERPsTRIAG(30.,45.,80.,1)
ENDI?
RETURN
C BASE 5 OFFLOAD
[$] I? (ZX(31).NE.3) THIN
"IP CATRIB(14).8Q.2) USERF=TRIAG(1S5.,20.,30.,1)
" IF (ATRIDC14).EQ.3) USERF=TRIAG(20.,30..40.,1)
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ELSE
IF (ATRIB(14).
IF (ATRIB(14).
ENDIF
RETURN

C BASE 3 ONLOAD

32

IF (XX(31) .NE.3)
IF (ATRIB(13).
IF (ATRIB(13).

ELSE
IF (ATRIB(213).
IF (ATRIB(13).

ENDIF

RETURN

END

£EQ.2)
EG. 3

THEN
£EQ. )
EQ.3)

EQ. 2
£Q.3)

USERFsTRIAG(20.
USERFsTRIAG(23.

USERF=TRIAG(10.
USERF=TRIAG(20.

USERF=TRIAG(20.
USERF=TRIAC(30.
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SUBROVTINE INTLC
COMMON/SCOML/ ATRIB(100),0D(100),DDL(100),DTNOV,IT HFA,
MSTOP ,NCLNR,NCRDR,NPRNT ,NNRUN,NNSET ,NTAPE,88(100) ,88L(100),
TNEXT, TNOW,XX(100)

COMMON/UCOM1/ ETELST(23),ZONLST(150),BASLET(2S)

REAL A(40)

INTECER ETALST,ZONLST,ETELST,BASLST,MOGLST, ,MENETA

DATA ZONLST/1,5%0,1,2,4%0,1,9,10,3%0,1,9,10,8,2%0,1,3,4,3¢0,

: 2,2,1,370,2,570,2,10,4%0,2,10,8,3%0,2.,9,4,3%0,
10,9,1,3%0,10,2,4%0,10,5%0,10,6,4%0,10,5,4,3%0,
6,10,%,1,2%0,6,10,2,3%0,6,10,470,6,5%0,6,5,4,23%0,

: 4,3,1,3%0,4,9,2,3%0,4,5,10,3%0,4,5,6,3%0,4,570/

DATA ETELST/ 0O, 50, 80,130, %0,
: s, 0, 60,120,150,
80, €0, 0, 60,120,
150,120, 60, O, 90,
: $0,1350,120, 80, O/
DATA BASLST/1,2,3.,4.3,

2.3,4.,1.8,
3,2.4,1.5,
4,3,2,1.9,
: 31112131"
C INITIALIZE VARIABLES
DO 2 I=1,40
A(l)=0
ATRIB(I)=0
] CONTINVE

C BASE 3 RESOURCE SETUP
C MOG3 (MAX ACET ON GND)
10 CALL ALTER(},-1)
DO 30 I=1,XX(83)
CALL ALTER(1,1)
30 CONTINUE
C ATC3 (MAX ACFT ON APPROACH/DEPARTURE)
CALL ALTER(1,-1)
DO 31 1=1,XX(88)
CALL ALTER(Z.,1)
31 CONTINVE
C K3 (40K LOADER SETUP)
CALL ALTER(3,-1)
D0 37 Is1,XX¢(78)
CALL ALTER (3,1)
1 CONTINUE
C FX3 (FORKLIFT SETUP: IF XX(35)=1, FK3/CMBT3/CMBTIA ENABLED)
ATRIB(1)=2
CALL ALTER(4,-1)
DO 34 Is=1,XX(7)
CALL ALTER(4,1)
IP (XX(33).80.1) CALL SCHDL(S,0.,ATRIB)
3¢ CONTINUE
C BASE & SETUP (IDENTICAL TO BASE 3)
€ MOCA (MAX ACFT ON GND)
CALL ALTER(S, -1}
DO 40 Is]l,IX(84)
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CALL ALTER(S5,1)
40 CONTINVE
C ATC4 (MAI ACFT ON APPROACH/DEPARTURE)
CALL ALTER(§,-1)
DO 41 1Is=]1,XX(6%)
CALL ALTER(G.1)
41 CONTINVE
C X4 (40K LOADER SETUP)
CALL ALTER(7,-1)
DO 42 f=1,XX(79)
CALL ALTER (7,1)
42 CONTINUVE
C FX4 (FORKLIFT SETUP: IF XIX(35)=1, FX4/CMBT4/CMBT4A ENABLED)
ATRIB(1)=2
CALL ALTER(B,-1)
DO 44 Is1,XX(74)
CALL ALTER(S,1)
IF (XX(35).EQ.1) CALL SCHDL(%,0.,ATRIB)
44 CONTINUE
C TIME-OF-DAY CLOCKX SETUP
ATRIB(1)s0
CALL SCHDL(7,0.,ATRIB)
IF (XX(26).GE.24) IX(Z268)=XX(28)-2¢4
IX(28)=XX(28)
C DAY-NIGHT CLOCK SETUP (SPECIFY HOURS OF DAYLIGHT DEP ON SEASON)
IF (XX(31) . EQ.1) XX(28)=20
IF (XX(31).EQ.2.0R.XX(31).EQ.4) XX(28)s=14
IF (XX(31) . EQ.3) XX(20)s=8
C AIRCRAFT GENERATOR
ATRIB(1)s=0
ATRIB(Z)al
ATRIB($)=l
ATRIB(10)s=0
ATRIB(12)a1l
ATRIB(15)al
ATRIB(18) =]
DO S1 I=1,XX(1)
CALL ENTER(3,ATRIB)
ATRIB(9)sATRIB(8) .1
51 CONTINUE
C CREW GENERATOR
DO 52 I=1,XX(2)
CALL FILEM(?7,ATRLB)
32 CONTINUE
C WEATHER SETUP
IF (XX(34) .EQ.1) THEN
DO 53 1a41,50
IX(l)=l
33 CONTINUE
ENDIP
C INITIALIZE RUN TERMINATION VARIABLES
DO 54 K=20,23
IX(K)=d
sS4 CONTINUE
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C CALL MISSION ENTRY SUBROUTINES

CALL SCHDL(18,0.,ATRIR)
F CALL SCHDL(Z0.,0.,ATRIB)
- CALL SCHDL(21.0.,ATRIR)
o CALL SCHDL(22,0..ATRIB)
! CALL SCHDL(23,0..ATRI®)
CALL SCHDL(1,0. ATRIB)
i RETURN
. END
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i SUBROUTINE CLOCK
- C THE CLOCX KEEPS “REAL TIME" BASED ON THE START TIME ENTERED
: € BY THE USER (DEFAULT = MIDNIGHT). GIVEN A START TIME, THE :
i C CLOCK INCREMENTS EVERY HOUR AND RETURNS THE TWO-DIGIT HOUR :
: - € IN XX(28). THE CLOCX XEEPS TRACK OF CALENDAR DAYS
2 C FROM START OF SIMULATION (START OF SIMULATION I8 DAY 1,
C AND BECOMES DAY 2 AT THE NEXT MIDNIGHT, ETC.) AND RETURNS ;
C THE VALUE IN XX(30). THE CLOCK ALSO KEEPS TRACK OF DAYTIME i
C AND NIGHTTIME, BASED ON THE SEASON; DAY/NIGHT IS RETURNED IN
: C £X(27).
j c IF THE VARIABLE-WEATHER SWITCH 18 SET, THE CLOCK CALLS
: C THE VEATHER MARKOV SUBROUTINE EVERY SIX HOURS BEGINNING AT
- C 0300. EACH MIDNIGHT, THE CLOCK ALSO CALLS FOR A THREAT
1 C UPDATE FOR THE NEXT 24 HOURS. WEATHER AND THREAT VALUES
f - € RETURNED FOR EACH ZONE IN XX(41) THROUGH XX(§0).
! COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW,II, MFA,
: MSTOP,NCLNR,NCRDR,NPRNT ,NNRUN,NNSET ,NTAPE,S8(100),
3 8SL(100),TNEXT,TNOW,XX(100)
INTEGER TDAY,DAY,DAYTIM
EQUIVALENCE (XX(28),TDAY)
EGUIVALENCE (XX(27),DAYTIM)
- EQUIVALENCE (XX(30),DAY)
g NIGHT=24-1X(28)
. € IF NOT CALLED BY INTLC, INCR TDAY BY ONE HOUR, CHECX FOR
C PAST MIDNIGHT; UPDATE THREAT AT MIDNIGHMT IF SWITCH SET
IF (ATRIB(1).EQ.1) THEN
TDAY=TDAY+1
: IF (TDAY.GE.24) TDAY«0
. IF (TDAY.EQ.0) THEN 1
DAY=DAY+1
: : IF (XX(37).EQ.2) CALL THREAT )
B ENDIF
C IF SWITCH SET, CALL WX UPDATES AT 3, 8, 135, AND 21
IF (XX(34).EQ.2) THEN ]
IF (TDAY.EQ.3.0R.TDAY.EQG.3.0R.
TDAY.EQ.15.0R.TDAY.EQ.21) THEN
DO 10 1s=1,10
i CALL VXI(I)
! . 10 CONTINUE
» ENDIF
' j ENDIF
k. ENDIF
4 C INITIAL CALL (ATRIB(1)=0)
. . IF (ATRIB(1).EQ.0) THEN
= DAYsl
4 IF (XX(37).EQ.2> CALL THREAT
: ATRIB(1) =l
ENDIF
C UPDATE DAY/NIGKT FLAG IF SWITCH SET
= IF (XX(32).EQ.1) THEN
- SUNRISEaNIGHT/2
T SUNSET=24-NIGHT/?2
. IF (TDAY.GE.SUNRISE.AND.TDAY.LE.SUNSET) THEN
. [ DAYTIM=1
-1
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ELSE

- DAYTIM=0
! ENDIF
S ENDIF

; CALL SCHDL(7,60.,ATRIB)

7 IF XX(98).GE.1) PRINT 1000, TNOV,DAY,TDAY,DAYTINM

RETURN
1000 FORMAT (1X,F7.1,' DAY *',12,', HOUR *,12,': DAY/NIGHTs',I})

i €12345.7 DAY 12, HOUR 23: DAY/NIGHTsl

{ END
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MASTER CLOCK FOR BASE 3 FORKLIFTS -- EACH MACHINE UP FOR AVC
OF 14 HRS., DOWN AVG 4 HRS TO REPAIR. XX(73) I8 USER-SET FX)
LEVEL; INTLC GENERATES CORRECT NO. OF FXLIFTS AND REDUCES
CAPACITY TO ZERO (PGM BEGINS VITH DEFAULT OF AT LEAST ONE
FOR BACH RESOURCE). A8 EACH FXLIFT ENTERS SYSTEM, FX3
CAPACITY IS INCREASED BY ONE TO GIVE PROPER LEVEL. WHEN
MACHINE FAILS, FX3 LEVEL IS DECREASED BY ONT. WHEN REPAIRS
ARE COMPLETE, FX3 LEVEL IS8 AGAIN INCREASED. IX(73) CHANCGCES
WHENEVER FX3 LEVEL CHANGES AND REFLECTS CURRENT NUMBER OF
FX3 IN SERVICE. (INITIAL ENTRIES INTO SYSTEM DO NOT CHANGE
IX¢(73) -- IF XX(73) WERE SET TO ZERQ AFTER GENERATION, TIME-
PERSISTENT STATS ON XX(73) WOULD REFLECT A FALSE ZERO LEVEL,
WHICH WOULD REFLECT IN 'MINIMUM VALUE® COLUMN OF OUTPUT.)
Als0 FOR FORKLIFT GOING OUT OF COMMISSION,
Al=l FOR FORKLIFT FINISHING REPAIRS
Al=sZ FOR INITIAL ENTRIES (TO PREVENT CMANGINC XX(73))
SUBROUTINE FX3
COMMON/SCOM1/ ATRIB(100),DDC100),DDL(100),DTNOV, 11 ,MFA,
MSTOP ,NCLNR,NCRDR ,NPRNT,NNRUN ,NNSET ,NTAPE,S8(100),
88L(100),TNEXT,TNOW,XX(100)
IF FLAG SET, FIX RESOURCES AT INITIAL LEVEL (BYPASS CLOCK --
{? NOT TRIGGERED INITIALLY, WILL NOT B8E RESCHEDULED)
IF (XX(35).EQ.0) RETURN
COMING-INTO-SERVICE SECTION (Alsl OR 2)
IF (ATRIB(1).NE.O) THEN
TSVC=RNORM(1080.,120.,1)
IF C(ATRIB(1).EQ.1) XX(73)sXX(73)+l
IF (ATRIB(1).EQ.1) CALL ALTER(4,Il)
ATRIB(1)=0
CALL SCHDL(8,TSVC,ATRIB)
RETURN
ENDIF

GOING-OUT-OF-COMMISSION SECTION (Als=0); (ENABLE COMBAT OFFLOAD

IF ALL FORKLIFTS ARE OUT OF SERVICE)
XX(73)=XX(73)-1
CALL ALTER(4,-1}
IF (XX(73).EQ.0) CALL CMBTI
TFIX=RNORM(240..60.,.))
ATRIB(1)=l
CALL SCHDL(8,TFIX,ATRIB)
RETURN
END

z
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COMBAT OFFLOAD ENABLE -- IF ALL FORKLIFTS BREAK, ALL ACPT
AVAITING FKLFT FOR OFFLOAD START COMBAT OFPLOAD (UNLOAD CARCO
ON RAMP AND DEPART). RAMP SPACE IS THEN BLOCKXED UNTIL CARGO
CAN BE DRAGGED AWAY RY TRUCKS, ETC. -~ WHILE RAMP I8 BLOCKED,
MOG [8 DECREASED ACCORDINGLY TO PREVENT MORE ACFT LANDING.
SUBSEQUENT AIRCRAFT WILL AUTOMATICALLY USE COMBAT OPFLOAD
AS LONG AS XX(72)=0. ACFT AWAITING FKLFT FOR ONLOAD ARE
HELD FOR MAX OF 2 HRS, THEN RELEASED IF AT LEAST ONE FKLFT
HAS NOT RETURNED TO COMMISSION. INBOUND MISSIONS ARE NOT
DIVERTED.
SUBROUTINE CMBT3
COMMON/SCOMY/ ATRIB(100),DD(100),DDL(100),DTNOV, 1 ,NFA,
MSTOP ,NCLNR,NCRDR,NPRNT , NNRUN ,NNSET ,NTAPE,85¢(100) ,88L(100),
TNEXIT, TNOW,XXt100)
ING11sNNQ(11)
ING13aNNQ(13)
IF (INQ11.GE.1) THEN
DO 30 I=1,INGL]
CALL RMOVE(1,11,ATRIB)
CALL ENTER(31,ATRIB)
CONTINUE
ENDIF
ALLOW AIRCRAFT IN FORKLIFT ONLOAD QUEVE TWO HOURS TO SEL IF
A FORKLIFT RETURNS TO SERVICE. CALL CMBT3A IN 2 HOURS --
IF A FORKLIPT I8 BACX IN SERVICE OR IF NO ACFT ARE IN THE
ONLOAD QUEUE, NO ACTION WILL BE TAKEN. IF ACFT ARE IN THME
ONLOAD QUEUE AND NO FORKLIFTS HAVE RETURNED TO SERVICE,
CMBT3A WILL RE-ENTER AFFECTED ACFT IN ONLOAD NET SUCH THAT
THEY WILL FIRST TRY TO SEIZE A K-LOADER BEFORE BEING ROUTED 3
TO CMBTX, WHICK WILL ABORT THE MISSION. i 3
CALL SCHDL(11,120.,ATRIB)
IF (XX(99).GE.1) PRINT 200,TNOV,INQ11,INQ13 -
RETURN
0 FORMAT (1X,F7.1,' COMBAT OFFLOAD 3: OFFLOAD QUEVE « *',I2,
. * ONLOAD QUEVE = ',12)
END

SUBROUTINE CMBTIA

COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW,11,NMFA, E
MSTOP ,NCLNR,NCRDR, NPRNT ,NNRUN,NNSET .NTAPE,88(100) ,88L(100),
TNBIT,TNOV,X2(100)

ING=NNQ(13)

1F (ING.EOQ.0.0R.XX(73).GE.1) GO TO S0¢

DO 10 I=1,INQ

CALL RMOVE (1,13,ATRID) %

CALL ENTER (3 ,.ATRID)
CONTINUE
0 RETURN
END
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C FX3 SEQUENCE 18 DUPLICATED FOR BASE 4 BY FX4/CMBT4/CMBT4A
SUBROUTINE FK4
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW,II, NFA,
_ :  MSTOP,NCLNR,NCRDR,NPRNT,NNRUN,NNSET,NTAPE,S8(100),858L(100),
; : TNEXT,TNOV,XX(100)
: IF (XX(35).EQ.0) RETURN
IF (ATRIB(1).NE.0) THEN
TSVCEXPON(1080.,1)
IF (ATRIB(1).EQ.1) XX(74)=XX(T4)+l
; IF (ATRIB(1).EQ.1) CALL ALTER(S,1)
ATRIB(1) =0
CALL SCHDL(®,TSVC,ATRIB)
RETURN
ENDIF
' . IX(74)=XX(74)-1
: CALL ALTER(8,-1)
IF (XX(74).EQ.0) CALL CMBT4
TFIX=EXPON(480.,1)
ATRIB(1) =l
E : CALL SCHDL(®,TFIX,ATRIB)
2 RETURN
3 END

i - o i

SUBROUTINE CMBT4 3
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW, 11 ,MFA,
MSTOP ,NCLNR,NCRDR ,NPRNT .NNRUN,NNSET ,NTAPE,38(100) ,88L(100),
TNEXT, TNOW,XX(100)
ING18=NNQ(18)
' INQ20=NNQ(20)
IF (INQ18.GE.1) THEN
" DO 30 1=1,INQ1S
CALL RMOVE(1,10,ATRIB) .
CALL ENTER(Z,ATRIB)
30 CONTINUE
ENDIF
CALL SCHDL(12,120.,ATRIB)
IF (XX(39).GE.1) PRINT 300,TNOV,INQ18, ING2
RETURN
300 FORMAT (1X,F7.1,' COMBAT OFFLOAD 4: OFFLOAD QUEVE = ',12, ]
t ' ONLOAD QUEUVE = ',12)
IND ]

SUBROUTINE CNET4A
a) COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV,I1 MFA,
3 MSTOP ,NCLNR,NCRDR,NPRNT ,KNRUN,NNSET ,NTAPE, 88(100) ,8SL(160),
b 1 :  TNEXT,TNOV,XX(100)
- INQeNNQ(20)
IF (INQ.EQ.0.OR.XX(74).GE.1) GO TO 500
DO 10 Isl,INQ
CALL RMOVE (1,20,ATRID) 1
CALL ENTER (4 ,ATRID)
. 10 CONTINVE
& S00 RETURN

' END
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: SUBROUTINE CMBTX
- C CALLED WHEN ACFT AWAITING FORKLIFT YOR ONLOAD AT BASE 3 OR 4
. € CANNOT SECURE ECITHER PORKLIFT OR K-LOADER FOR ONLOAD. FOR FMC i
j§ € AND PMC AIRCRAFT, SCHEDULED MISSIONS ARE RE-ENTERED IN THE §
- C MISSION FILE AND AIRCRAFT ARE ROUTED BACKX TO THE SCHEDULER i
i C FOR POSSIBLE RE-SCHEDULING FOR A MISSION NOT REQUIRING MKE. ]
: C FOR AIRCRAFT ALREADY IN ABORT STATUS (SHUTDOWN ABORT WITH A i
3 C HOMEBOUND LOAD), ONBOARD MISSIONS ARE RE-ENTEREID IN THE
" C MISSION PILE AND AIRCRAPT ARE ROUTED DIRECTLY TO RESTART
| € EVENT FOR RETURN (EMPTY) TO HOME BASE, WITH ABORT STATUS 2.
! COMMON/SCOMY/ ATRIB(100),DD(100),DDL(100),DTNOV, 11 ,NFA,
i . MSTOP,NCLNR,NCRDR,NPRNT,NNRUN,NNSET,NTAPE,88(100),
‘ SSL(100),TNEXT,TNOV,XX(100)
NACET=ATRIB(®)
} - LOCsATRIB(12)
i MSN=ATRIB(37)
4 xr (X2(98).GCE.1) PRINT *,' CMBTX AT ',LOC,' -- MSN=',
- MSN,' ACFTS ',NAcrr
! ‘ ¢ SHIFT MISSION ATRIBS FOR RE-ENTRY INTO MISSION FILE BY RESCH
- } : DO 10 Ke32,23,-!
ATRIB(K)=ATRIB(X-2)
v 10 CONTINUE
F ATRIB(20)=ATRIB(12)
2 ATRIB(Z1)=ATRIB(1ID)
ATRIB(22)«ATRIB(1®)
; ATRIB(23)=ATRIB(1S)
; CALL RESCH
! ATRIB(13) =0
i ATRIB(14)20
! ATRIB(13)=L0OC . :
! ATRIB(18)x0

IF (ATRID(Z).EQ.3) THEN
ATRIB(37)=70000+L0C*1000+XX(¢30)2100+2X¢28)
ATRIB(11)=2
ATRIB(16)sl
ATRIB(15)s=sl

i ATRIB(20)=1 ﬂ

RETURN _

. ENDIF
RETURN ﬁ
END

: N o .
il L
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STACK IS THE MAIN MISSION ENTRY ROUTINE. WHEN CALLED.
IT WILL MAKE ONE PASS THROUGH EXTERNAL FILE MSTACK
AND ENTER ALL MISSIONS WITH READY TIMES EQUAL TO

TNOW INTO MSNTIM. WHICH IN TURN VWILL FILE THE
MISSIONS IN THE PROPER MISSION FILES. VWHEN MAKING
THE ENTRY PASS, THE TIME FOR THE NEXT PASS I8 FOUND
AND STACK 1S SCHEDULED FOR THAT TIME. IF NO MORE
ENTRIES (TNEXT=88898) THE ROUTINE WILL PRINT AN
INFORMATION MESSAGE.

ENTRIES FOR 3TACK MUST BE IN FILE NAME “MSTACK"

(SEE EXAMPLE LISTING IN APPENDIX C). STACK USES A
COMPRESSED ENTRY FORNAT TO SAVE SPACE IN THE EXTERNAL
FILE. 8TACK WILL CONVERT THIS FORMAT INTO THE -MISSION
ENTITY ATTRIBUTE FORMAT LISTED IN TABLE I!!. (FOR REP
ENTRIES, SET MISSION ATTRIBUTES DIRECTLY USING THE
TABLE 11! FORMAT.) MSTACX CAN HAVE A MAXIMUM OF 500
MISSIONS.

MSTACK FORMAT:

1 - READY TIME (IN MINUTES FROM SIMULATION START)
2 - TYPE ACFT REQUIRED (FMC OR PMC - 1 OR 2)

3 - MISSION NO. (5-DIGIT INTEGER (0400 TO S#eed)
4 - MISSION RISK LEVEL (¢, 1, OR 2)

§ - MISSION PRIORITY (1 HIGHEST, 088 LOVEST?

¢

7

8

- ORIGINATING BASE
- FIRST LEG ONLOAD TYPE
- FIRST LEG OFFLOAD TYPE
9 - FIRST DESTINATION BASE
10 - SECOND LEG ONLOAD TYPE -
11 - SECOND LEG OFFLOAD TYPEL
12 - SECOND DESTINATION BASE
13-15 - THIRD LEG DATA
16-18 - FOURTH LEG DATA

UNUSED DATA SLOTS MUST BE FILLED VWITH ZEROS. EXAMPLE:

2343 1 45003 2 1 1223 224 000 00O

R

el ——— Al o un

BASE CODES (LOCATIONS LISTED WERE USED FOR THEBIS):

HOME BASE (ANCHORAGE/ELMENDORE)

MAIN BASE (FAIRBANKS/WAINWRIGHT/EIELSON)
FORWARD FIGHTER ALERT BASE (GALENA)

- FORWVARD AIRHEAD (GRANITE MOUNTAIN)

GCI SITE (CAPE NEWENHAM)

W bW N -
§ t

LOAD TYPE CODES:

- NO LOAD

NON-MNHE (PENSONNEL AND/OR ROLLING STOCK)
MHE (3 OR FEVER PALLETS)

MHE (4 OR MORE PALLRETS)

(NOT USED) H
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3 - PERSONNEL AIRDROP (NON-MHE)
§ - CARGO AIRDROP (MKE NEEDED)

IMPORTANT: DO NOT ENTER MISSIONS WITH BASE OR LOAD
CODES OTHER THAN THOSE LISTED ABOVE OR THE MODEL
WILL NOT EXECUTE PROPERLY.

THE MODEL ALSO USES THESE INTERNAL LOAD CODES (NOT FOR
MISSION-ENTRY USE):

7 - COMPLETED AIRDROP RETURN TO HOME BASE
8 - "RESCUE" MISSION MAINTENANCE PACKAGE

oo OoOnOon0an

SUBROUTINE STACK
COMMON/SCOMl/ ATRIB(100),DD(100),DDL(100),DTNOV,II MEA,
MSTOP ,NCLNR ,NCRDR, NPRNT ,NNRUN ,NNSET .NTAPE,88(100),
SSL(100),TNEXT, TNOVW,XX(100)
REAL A(49),T,TNXT
INTEGER ETALST,ZONLST,.ETELST,BASLST . MOGLST ,MSNETA,B(18)
C INITIALIZE ATRIB ARRAYS (A=STD FORMAT, BsMSTACK FORMAT)
DO 10 121,40
AtI)=0
10 CONTINUE
DO 11 I=}1,18
B(1)a0
11 CONTINUE
C OPEN MSTACK FOR INPUT
OPEN (50 ,ERRs900,FILEs'STACK' ,ACCESS="'SEQUENTIAL")
REVIND SO
TNXT=89848%¢
DO 100 1=1,500
READ (50, ,ERR=8301,END=200) (B(J),J=l,18)
T=B(1)
[P (T.LT.0) Tad
€ ENTER MISSION IF READY (CONVERT "8" TO “A™)
IP (T.EQ.TNOW) THEN
DO 28 M=1,5
A(M)aB(N)
(1] CONTINUE
DO 30 Kag,l8
AtXel8)aB(X)
a0 CONT INUE
CALL SCHDL(2.0..,0)
XX(22)sXX(22)+1
ENDIF
C CHECK FOR NEXT MISSION ENTRY TIME
IF (T.GT.TNOV.AND.T.LT.TNXT) TNIT=T
100 CONT INUE
100 CLOSE(SO)
C IF NO MORE MISSIONS, PRINT MSC, ENABLE RUN TERMINATION NET;
IF (TNXT.EQ.99008) THEN
PRINT ¢,’' STACK EXHAUSTED AT Ts=', TNOVW
XX(Z1)=]
RETURN

180
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ENDIF
C IF MORE MISSIONS, RESCHEDULE AT TNIT
TSCHDsTNXT-TNOW
CALL SCHDL(1,TSCHD,ATRIB)
RETURN
C ERROR MESSAGE
900 PRINT #,*' STACKX ENTRY ERROR AT ', TNOW
901 PRINT *,' STACK READ ERROR AT ‘', TNOVW
RETURN
END
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SUBROUTINE REP(K)

REP 18 A REPETITIVE INPUT ROUTINE FOR ENTERINC A NUMBER
OF MISSIONS VITH THE SAME ATTRIBUTES AT ONCE OR OVER

A PERIOD OF TIME. IT I8 VERY USEFUL FOR TESTING
PURPOSES. CONSTRUCTION OF VARIOUS REP ROUTINES IS

LEFT TO THE USER AS REQUIRED.

COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV,II MFA,
MSTOP,NCLNR,NCRDR,NPRNT ,NNRUN,NNSET ,NTAPE, 88¢100) ,88L(100),
TNEXT,TNOV,XX(100)

GO TO (1,2,3,4,5).X

REP(1) ENTERS 3 NORMAL RESUPPLY MISSIONS EACH 8 HOURS (ONE EACH
TO BASES 2, 3, AND 3). REP(1l) INPUT STOPS AS SOON AS STACK IS
EXHAUSTED.

IF (XX(21) .50.0) THEN

CALL SCHDL(19,480.,ATRIB)

DO 11 K=1,40
ATRIB(K) =0

CONTINUE

ATRIB(1)aTNOV

ATRIB(2)=2

ATRIB(3)=12000+X2(30)%100+XX(286)

ATRIB(4)=0

ATRIB(S) =l

ATRIB(20) =1

ATRIB(21)=3

ATRIB(22) =3

ATRIB(23)s2

CALL SCHDL(2,0.,ATRIB)

ATRIB(3)«ATRIB(3)+1000

ATRIB(Z3)=2

CALL B8CHDL(2,0.,ATRID)

ATRIBC(I)=ATRIB(3)+2000

ATRIB(2) =1

ATRIB(3)=$

ATRIB(21)22

ATRIB(21)=2

ATRIB(13)=S

CALL SCHDL(2,0.,ATRID)

IZ(22)aXX(22)+3

ENDIPF

RETURN

RETURN

RETURN

RETURN

RETURN

END
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SUBROUTINE RESCH
WHEN AN AIRCRAFT CANNOT CONTINUE ITS SCHEDULED MISSION,
A CONTINUATION MISSION MUST BE CREATED. IF THE MISSION
HAS NOT YET BEEN PICKED UF (AIRCRAFT ON POSITION LEG)
THE MISSION IS IMMEDIATELY REENTERED IN THE APPROFPRIATE
MISSION FILE. IF AN AIRCRAFT WITH A LOAD ABORTS, ITS
FUTURE MISSION DATA SLOTS (AZ20-A32) ARE SET UP TO BECOME
THE CONTINUATION MISSION ON RETURN TO HOME BASE. IF AN
AIRCRAFT IS CROUNDED AT AN ENROUTE BASE, IT MUST BE OFFLOADED
AND AN APPROPRIATE CONTINUATION MISSION ENTERED FOR ORIGINA-
TION AT THAT BASE. IN ANY CASE., THE RE-ENTRY OF THE
CONTINUATION MISSION 1S SIMPLY RECREATION OF A MIBSION VWITH
ATTRIBUTES A20-~A32 IN THE ITINERARY SLOTS AND A25-A3% IN
THE MISSIQON IDENTIFICATION SLOTS (Al-AS). ALL RE-ENTERED
MISSIONS HAVE THEIR ORIGINAL PRIORITY AND READY TIME,
AND S0 VWILL RECEIVE HIGH PRIORITY IN THE MISBSION FILE.
COMMON/SCOM1/ ATRIB(100),DDC100),DDL(100),DTNOV, 11, MFA,
MSTOP ,NCLNR,NCRDR,NPRNT ,NNRUN ,NNSET ,NTAPE,S8(100),
SSL(100),TNEXT, TNOW, XX(100)
REAL A(40)
DO 3 I=l1,40
At =0
CONTINUVE
RECREATE THE MISSION
DO 10 I=20,32
A(I)=sATRIB(I)

10 CONTINUE

DO 11 1=31,9
A(1)=sATRIB(34+1)

11 CONTINUE

CALL MTRACE(SD)
CALL SCHDL(Z2,0..M)

€ CLEAN UP ACFT ATRIBS

DO 20 1=1%,40
ATRIB(I)=0

20 CONTINVE

ATRIB(11)=2
RETURN
END
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C MSNTIM -- ESTIMATES MISSION DURATION FOR INITIALLY-ENTERED
C MISSIONS

c

C INPUT -- ATRIB ATTRIBUTE SET FOR MISSION ENTITY

c ETELST ENRTE FLYINGC TIME (ETE) LOOKUP TABLE
C OUTPUT -- ATRIB UPDATED ATTRIBUTE LIST, SPECIFICALLY:

€
c
c
c
c
c
(1
c
c
€
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
C
c
c
c
c
c
c
(4
[~
c
c
c
c
c
c
c
c
c
c
<
c
c
c

33-36 EST ARRIVAL TIMES AT DESTINATIONS
(TIMES ELAPSED AFTER START OF
INITIAL ONLOAD)

38 EST MSN DURATION (INCLUDING TIME
FOR RETURN LEC TO HOME BASE IF
LAST DEST IS NOT HOME BASE)

INTERNAL -- LEG LEG COUNTER
ORIG LEC START BASE CODE
DEST LEG END BASE CODE
ONCGO ONLOAD CARGO TYPE CODE
OFFCGO OFFLOAD CARGO TYPE CODE
ETE FLYING TIME BETVEEN 2 BASES FROM ETELST
MTINM MISSION DURATION ACCUMLATOR
1. INITIALIZE MTIM (ACCUMULATOR) TO ZERO.
2. TFOR EACH LEG OF THE MISSION:

A. IF NO MORE LEGS, SEE IF EXTRA LEG I8 NEEDED TO RETURN
HOME
B. GET CURRENT LEG DATA FROM ATRIB FILE
C. INCREMENT MTINM FOR:
ONLOAD (BASED ON LOAD TYPE)
ORIG BASE (EITRA TAXI TIME FOR MAIN BASES)
FLYING TIME (FROM ORIG TO DEST)
D. SET ETA AT DEST BASE (ATRIBS 33-3M)
E. INCREMENT MTIM FOR OFFLOAD AT DEST (BASED ON LOAD TYPE)
F. REPEAT FOR NEXT ZONE
IF LAST DESTINATION WAS HOME BASE, EXTRA LEG IS NOT NEEDED.
IF LAST DESTINATION WAS NOT HOME BASE, ADD TIME FOR
RETURN TO HOME BASE.
SET ATRIB(38) TO ACCUMULATED ESTIMATED MISSION DURATION.

>»

NOTES: TIMES APPROXIMATE RULE-OF-THUMB TIMES WHICK WOULD BE USED BY
SCHEDULER IN CHECKING FOR SLOTS AT ENROUTE BASES, CREV
DUTY DAY LENGTHS, ETC.

LEG TO HOME BASE I8 ADDED BECAUSE CREWS CAN ONLY BE CHANGED
AT HOME BASE; CREW DAY REMAINING MUST INCLUDE TIME TO GET
HOME.

HOLDING FOR WEATHER OR TRAFFIC (EITHER IN AIR OR ON GROUND)
IS NOT PLANNED FOR ANY STATION; MISSION I8 PLANNED FOR
STRAIGHT-THRQUGH EXECUTION ONCE BEGUN. (INITIAL
DEP..RTURE DELAYS MAY BE AUTHORIZED WHEN THE MISSION 1§
ACTUALLY SCHEDULED.)

MAIN BASE DEPARTURES REQGUIRE 10 MINUTES EXTRA TAX! TIME DUE
TO LONGER DISTANCES.

AIRDROP MISSIONS (CARGO CODES 35-6) ARE ASSUMED TO REQUIRE
EXTRA BRIEFING AND LOADINC TIME. AIRDROPS REQUIRE AN
EXTRA 10 MIN AT DEST BASE FOR LINEUP, RUN-IN, SLOWDOWN,
DROP, AND INITIATION. (AIRDROPS REQUIRE NO ADDITIONAL
TINE AT DIST.)
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MINIMUM GROUND TIME AT ANY DESTINATION I8 15 MINUTES (INCLUDED

L 2
.
TR S a5, WMA

¢
c IN ONLOAD TIME).

¢ ENROUTE TIMES ARE AVERAGE TIMES FROM TAKEOFEF TO LANDING,

¢ INCLUDING APPROACH. FOR MISSIONS FLOWN USING COMPOSITE

c OF HIGH AND LOW LEVEL TACTICS.

¢

SUBROUTINE MSNTIM

COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV, 11 MFA,

MSTOP ,NCLNR,NCRDR ,NPRNT , NNRUN, NNSET . NTAPE, 88(100) ,85L(100),
TNEXT, TNOV, XX(100)
COMMON/UCOM1/ ETELST(25),ZONLST(130), BASLST(25) 1
INTEGER ETALST,ZONLST,ETELST,BASLST,MOGLST,MSNETA,ORIG . DEST, :
ONCGQ, OFFCCO ?
. DATA ZONLST/1,5%0.1,2,4%0,1,9,10,3%0,1,9,10,6,2%0,1,3,4,3%0,

: 2,2,1,3%0,2,5%0,2,10,4%0,2,10,6,3%0,2,9,4,3%0,
10,9,1,3%0,10,2,4%0,10,5%0,10,6,4%0,10,5,¢,3%0,
$.10,9,1,2%0,6,10,2,3%0,6,10,4%0,6,5%0,8,5,4,3%0,

: €,3,1,3%0,4,9,2,3%0,4,5,10,3%0,4,5,6,3%0,8,5%0/

DATA ETELST/ 0, 50, 80,150, 90,

: S0, o, 60,120,150, ;

80, 60, 0, 60,120, ‘

150,320, 60, 0, 90, }
; 90,150,120, 90, O/ ;
DATA BASLST/1.Z.3.4.3,

: 2,3,6.1,5,
3.2.4,1,5,
4,3,2,1,5,

: 5,1,2.3.4/

C INITIALIZE MTIM, THEN LOOP THROUGH EACH LEC
NTIMe0 )
DO 10 LEG=l,4 H
C IF DEST 18 ZERQ, NO MORE LEGCS; CHECK FOR EXTRA LEG TO KOME BASE
IF (ATRIB(LEGC*3+20).£Q.0) GO TO 20
C LOAD DATA FOR THIS LEGC 1
ORIG=ATRIB(LEG#3+ 17}
ONCGOxATRIB(LEC*3418)

OFFCGOsATRIB(LEC®3+19)
. DEST»ATRIB(LEG23420)
€ INCREMENT MTIM FOR ONLOAD
IF (ONCGO.EQ.0) MTIM=MTIM+1$
I? (ONCGO.EQ.1) MTIMsMTINM+30
IF (ONCGO.EQ.2) MTIM=MTIMe+4S
.’ IF (ONCGO.EQ.3) MTIMaMTINM+43
IF (ONCCO.CE.4) MTIM=MTIM+60
C INCREMENT MTIM FOR MAIN-BASE TAXI TIME
' IF (ORIC.LE.2) MTIMaMTIMe¢10
T C INCREMENT MTIM FOR ENROUTE TIME
‘ ETRSETELST( (ORIG-1)¢3+DEST)
MTIMsMTIM+ETE
C NOTE ELAPSED TIME TO THIS BASE
c ATRIB(LEG+32)eMTIR
. ¢ INCREMENT MTIM FOR OFFLOAD
) IF (OFFCGO.EQ.1) NTIMsMTIM+1S
IP (OFFCGO.EQ.2) MTIM=NTINMe+30
I? (OFFCCO.EQ.3) NTIMaMTIM4+30

N R
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o IF (OFFCGO.CE.S) MTIM=MTIM+10
- 10 CONTINUE
- C ADD TIME POR RETURN TO MAIN BASE, IF NEEDED
20 IF (DEST.EQ.1) THEN
‘ ATRIB(38)aMTINM
GO TO 30
ENDIF
ATRIB(38)«MTIM+ETELST((DEST-1)%5+1)
| 20 MSNQ=ATRIB(20)
! CALL FILEM(MSNQ,ATRIB)
CALL MTRACE(T)
CALL MTRACE(S0)
RETURN
END

i
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SCHED I8 THE MASTER SCHEDULER FOR THE NETWORK. WHEN
TRIGGERED BY AN AIRCRAFT ARRIVAL, IT NOTES THE LOCATION

OF THE AIRCRAFT (Al12) AND BEGINS TO CHECK FOR POSSIBLE
MISSIONS IN EACH BASE MISSION FILE, BEGINNING WITH THE
CURRENT BASE AND FOLLOWINGC THE PRESET SEARCH SEQUENCE

IN BASLST. FOR EACH BASE EXAMINED, THE SCHEDULER FIRST
CHECXS TO SEE IF A POSITION LEG 1S REQUIRED (AIRCRAFT
REQUIRED TO FLY EMPTY TO MISSION ORIGINATION BASE).

IF A POSITION LEG IS NEEDED, THE SCHEDULER CHECXS FOR
ENROVUTE AND TERMINAL WEATHER, THREAT, AND AIRCRAFT STATUS.
THE MISSION FILE FOR THAT BASE IS CHECKXED ONLY FOR MISSIONS
REQUIRING THREAT RISK EQUAL TO OR GREATER THAN THAT WHICH
WOULD BE NEEDED TO FLY THE POSITION LEG. (I.E., THE MISSION
WON'T BE SCHEDULED IF IT'S NOT WORTH THE RISK TO GET THERE
TO PICX IT VUP.)

WITHIN EACH MISSION FILE, MISSIONS ARE EIAMINED ON A
HIGHEST-PRIORITY FIRST BASIS (NORMAL FILE RANKING CRITERIA).
WITHIN A GIVEN PRIQRITY, MISSIONS ARE EIAMINED ON A BASIS
OF OLDEST READY TIME FIRST. EACH PROSPECTIVE MISSION IS
RUN THROUGCH A SERIES OF SCREENING CHECKS TAILORED FOR
VARIOUS LOCATIONS AND CASES, AND A MISSION IS SCHEDULED
IF IT IS NOT ELIMINATED BY ONE OF THE SCREENING CHECXS.
ONCE SCHEDULED, THE MISSION IS REMOVED FROM TRE MISSION
FILE AND "PIGGYBACKED"™ ONTO THE AIRCRAFT ATTRIBUTE
STRUCTURE; THE MISSION ENTITY IS THUS DESTROYED WHEN
SCHEDULED.

SPECIAL HOME-BASE PROCEDURES:

IF A MISSION SCHEDULED AT MOME BASE REQUIRES A NEW
CREW, A RESTED CREW MUST BE AVAILABLE OR THE MISSION WILL
NOT BE SCREDULED. (THIS IS TO PREVENT “PRE-LOADED"™ AIR-
CRAFT FROM WAITING IN THE NEED-CREW QUEUE WHILE THEIR
ASSIGNED MISSION MIGHT HAVE BEEN SCHEDULED ON ANOTHER
AIRCRAFT NOT NEEDINC A NEV CREVW.) IF NO CREWS ARE AVAILABLE,
AND IF AN AIRCRAFT HAS A CREV BUT CANNGT FIND A MISSION TO
FLY WITHIN REMAINING CREWDAY, THE OLD CREW I8 RETURNED TO
CREV REST IF IT HAS LESS THAN 25% OF ITS ORIGINAL CREWDAY
LEFT. IF AN AIRCRAFT WITH NO CREV ARRIVES AT THE SCHEDULER
AND NO CREWS ARE AVAILABLE, NO ATTEMPT IS MADE TO SCHEDULE
A MISSION AND THE AIRCRAFT IS SENT TO THE HOLD LOOP.

IF AN AIRCRAFT IN DEGRADED STATUS (A2=1) CANNOT BE
SCHEDULED FOR A MISSION, IT I8 GIVEN A 50-350 CHANCE TO
GO BACK TO MAINTENANCE, WHERE IT WILL THEN HAVE A FURTHER
$0-50 CHANCE TO BE REPAIRED. WITHOUT THIS FEATURE, PMC
AIRCRAFT WOULD NEVER BE SCHEDULED IF THE ONLY MISSIONS
REMAINING REQUIRED FMC AIRCRAFT, AS 1S THE CASE IN MOST
FLOWS. (IN REALITY, EVEN DEGRADED AIRCRAFT VOULD BE USED
IF REQUIRED IN MAJOR WARTINME MCVES, REGARDLESS OF THE
MISSION REQUIREMENTS.)

VARIABLES:
A(30) REAL ATRIBS FOR M18SION ENTITY
Loc INT CURRENT AIRCRAFT LOCATION
HOME-BASE ALTERNATE MISSION SEARCH SEQUENCE
CHECK2 INT FLAG TO INITIATE ALT 8EQ
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INQ INT NUMBER IN BASE MISSION FILE

MPRI1 INT PRIORITY OF 1ST M3SN AT BASE 1

MRDY! INT RDY TIME OF 1ST MSN AT BASE |
POSITION LEG CHECK

PSNETA REAL TIME OF ARRIVAL AT PICKUP BASE

LIMSBCH INT RISK REQ TO FLY TO PICXUP BASE

MBASE INT BASE NUMBER OF MS8N BEING CHECKED

CHXTINM REAL CHECX TIME FOR ETACHX

DELAY REAL DELAY DUE TO FWD BASE TRAFFIC

PSNETE INT TIME ENROUTE TO PICKUP BASE

PSNFLG INT IF 1, POSN LEG NEEDED

ETAOPN INT EARLIEST OPEN ETA AT FVWD BASE

WIFLG INT ENROUTE VWX/THREAT INDICATOR
MISSION FILE PRIORITY SEARCH

MPRI INT MISSION PRIORITY

IRANK INT FILE RANK OF 18T MSN VITH MPRI

NXTPR! INT NEXT HIGHER MSN PRIORITY

OLDEST INT OLDEST READY TIME THIS PRIORITY

OLDNXT INT HOLDING FOR OLDEST CHECK

LRANK INT FILE RANK OF LAST MSN VITH MPRI
MISSION SCREENING

TDELAY INT TEMP DELAY ACCUMULATOR

PTIM INT ENROUTE TIME TO PICXUP BASE

TFUEL REAL " FLY TIME UNTIL REFUELING

TMSN INT ESTIMATED MSN DURATION

CDAY REAL CREWDAY REMAINING
MISSION LEG CHECXS

LEG INT MISSION LEG NUMBER

ORIG INT LEC ORIGINATING BASE

ONCGO INT LEG ONLCAD CARGO TYPE

OFFCGO INT LEG OFFLOAD CARGO TYPE

DEST INT LEG DESTINATION

ETMP INT EST ELAPSED TIME TO THIS DEST

ETAREQ REAL INITIAL ETA FOR ETACHK

MTIM INT EST MSN DURATION FOR HOME CREV CHK

[
c
c
c
c
c
c
<
C
c
c
c
c
c
c
c
[+
c
c
c
c
C
<
C
c
c
c
c
c
c
c
c
c
c
c
c

SUBROUTINE SCHED :
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW,II ,MFA,
MSTOP ,NCLNR ,NCRDR,NPRNT ,NNRUN,NNSET,NTAPE,88(100),
SSL(100),TNEXT,TNOW,XX(100)
COMMON/UCOM1/ ETELST(25),ZONLST(150),BASLST(2S5)
REAL A(40),CHKTIN
INTEGER ETALST, ZONLST,ETELST, BASLST,MOCLST,MSNETA, PSNETE,
PSNETA , PSNFLG, ETAOPN, ETAFLG, DELAY ,MBASE, ING,VIFLG,
LIMSCH, TDELAY . OR1G,ONCGO,OPFCGO,DEST, ETNP, ETAREQ
DATA ZONLST/1,3%0,1,2,4%0,1,9,10,3%0,1,9,10,60,2#%0,1,3,4,3%0,
: 2,2,1,3%0,2,3%0,2,10,4*0,2,10,6,3%0,2,9,4,3%0,
10,9,1,300,10,2,4%0,10,3%0,10,6,4%0,10,5,4,3%0,
6,10,9,1,2%0,8,10,2,3%0,6,10,4%0,8,3%0,6¢,3,4,13v0,
: 4,3,1,3%0,4,9,2,270,4,3,10,3%0,4,53,68,3%0,4,3%0/
DATA ETELST/ O, S0, 00,130, %0,
: 5¢, 0, 80,120,150,
80, 80, o, 60,120,
150,120, ¢0, 0O, 90,
80,130,120, %0, O/
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DO 1 MMsl, 40
AMM)=0
CONTINUVE
SCHED TRACE -- XX(97)=2 TO 8§
IF (XX(87).GE.2) THEN
PRINT *,TNOW,' BEGIN SCHED TRACE, LOCs',ATRIB(12)
PRINT »,° SCHED TRACE LEVEL=s' , XX(97)
PRINT +,°' TFLY,TTOT,TFAIL P/Es=' ,ATRIB(3),ATRIB(S),
ATRIB(8),ATRIB(7)
PRINT »*.,° GNDTINM,CREWTIM=a' , (TNOW-ATRIB(4)),
: (TNOW-ATRIB(10))
ENDIF
NOTE AIRCRAFT LOCATION
LOC=sATRIB(12)
IF HOME BASE AND NON-CREW ACFT AND NO CREWS AVLBL,
DO NOT TRY TO SCHEDULE
IF (LOC.EQ.1.AND.ATRIB(10).EQ.0.AND.NNQ(7).EQ.0) GO TO 8§98
DO NOT ATTEMPT TO SCHEDULE NON-MISSION CAPABLE AIRCRAFT
IF (ATRIB(2).EQ.3) GO TO %9
IF (ATRIB(11).GE.1) GO TO 99
IF AT BASE I, CHECK TO SEE IF BASE Z HAS MISSION WITH HIGHER OR
EQUAL PRIORITY (USE READY TIME AS TIE-BREAKER). IF 80, SET FLAG
TO CAUSE SEARCH SEQUENCE 2-3-4-5-1.
CHECK1=0
IF (LOC.EQ.1) THEN
IF NO MSN8 AT BASE 1, USE NORMAL SEARCH SEQUENCE
INQaNNQ (1)
IF (INQ.EQ.0) GO TO $
FIND PRIORITY/READY TIME OF FIRST MISSION AT BASE 1
CALL COPY(1,1.A)
MPRI1sA(S)
MRDY1sA(1)
FIRSTI=A(]l)
I7 NO MSNS AT 8ASE 2, USE NORMAL SEARCH SEQUENCE
INGsNNQ( 2)
IP (INQ.EQ.Q) GO TO §
IF BASE 2 MSN I8 HIGHER PRIORITY (OR OLDER IF PRIORITY
EQUAL) SET FLAGC TO SEARCH BASE 7 FILE FIRST
CALL COPY (1,2.A)
IF (MPRI1.GT.A(3)) CHECK2sl
I¥ (MPRI1.EQ.ACS).AND.MRDY1.GT.A¢(1)) CHECK1lal
ENDIF
CHECK EACR MSN FILE IN PRESCRIBED ORDEZR (UNLESS AT BASE 1 AND
CHECX2=1l, WHEN CHECX WILL BE 2-3-4-5-1)
ATRIB(40)=0
PSNETA=TNOV
DO 10 I=1,5
IF (LOC.EQ.1 AND.CHECKZ2.EQ.1) THEN
CHECK2s=2
GO TO 10
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ENDIF
C IF AT BASE 1 AND BASE 2 WAS CHECKED FIRST, THE BASE LOOP REPEATED
€ TO INCLUDE BASE 1; IF SO AND NO MSN HAS BEEN FOUND, DON'T CHECX
C OTHER FILES AGAIN -- TRY EVERYTHING AGAIN IN AN HOUR.
IF (CHECKZ.EQ.3.AND.1.EQ.2) GO TO 1%
LIMSCH=0 p
MBASE=BASLST((LOC-1)%54+1)
IF (XX(97).GE.4) PRINT &,' MBASEs' ,MBASE
. CHKTIMaTNOW
f DELAY=0
: PSNETA=TNOW
PSNETE=0
PSNFLGx0
INQsNNQ (MBASE) |
C IF NO MSNS AT TH!S BASE, TRY NEXT BASE
: IF (INQ.EQ.0) GO TO 10
3 C !F BASE BEING CHECKED ISN'T CURRENT LOCATION, CHECX POSITION LEC
i IF (MBASE.NE.LOC) THEN
C IF BASE REQUIRES MAX EFFORT LNDG, NEED FULLY CAPABLE ACFT
IF (MBASE.GE.4 . AND.ATRIB(2).GE.2) GO TO 10
C FIND ETE TO POSITION BASE; ADD 15 MIN FOR MAIN BASE TAXI TINME,
C THEN FIND ETA AT POSITION BASE
PSNETE=ETELST((LOC-1)*S+MBASE)
IF (LOC.LE.2) PSNETE=PSNETE+13
PSNETA=TNOV+PSNETE
IF (XX(97).GE.4) PRINT *,' PSNETAs=',PSNETA
IF POSITION BASE IS 3,4.5, CHECK FOR ETA SLOT (MAX 90 MIN DELAY IF
C LOCsMAIN BASE, 30 MIN DELAY FOR OTHERS)
IF (MBASE.GE.3) THEN
i CALL ETACHR(MBASE,PSNETA,ETAOPN,ETAFLG)
! IF (XX(87).GE.4) PRINT =,
: ' ETAFLG,ETAOPNa' ,ETAFLC,ETAOPN
IF (ETAFLG.EQ.0) GO TO 10
IF (LOC.LE.2.AND.ETAOPN.GT.(PSNETA+9G)) GO TO 10
IF (LOC.GE.3.AND.ETAOPN.GT. (PSNETA+30)) GO TO 10
C SET DELAY; FIRST OPEN SLOT BECOMES PSNETA
DELAY=ETAOPN-PSNETA
| , IF (DELAY.LT.0) DELAY=( H

[¢]

PSNETA=ETAQPN
IF (XX(97).GE.4) PRINT ¢, i
' DELAY,PSNETAls' ,DELAY,PSNETA

CHECX WX AND THREAT FOR POSITION LEG; IF WXFLG 3 OR MORE,
POSN BASE WX BELOV MINS -- TRY NEXT BASE; IF TERM WX GOOD,
LIMSCH BECOMES 0 (NO THREAT),1 (LOW THREAT), OR 2 (MICH
THREAT); ONLY MSNS REQUIRING AT LEAST THIS RISK CAN BE

: CONSIDERED FOR SCHEDULING !
), CHXTIM=PSNETA-ETELST((LOC-1)*S+MBASE) /2 i

IF (IX(97).GE.4) PRINT w,
’ CHKTIM POR WICMKs',CHKTIN

. CALL WXICHK(LOC,MBASE,CHKTIM, WXFLG)
e IF (XX(87).GE.4) PRINT *,

, Lo LOC,MBASE WIFLCe',LOC,MBASE VIFLG

| IF (VIPLG.GE.3) GO TO 10

1
! :
g | ENDIF
"
|
i
}
4

ananon

: LIMSCHaVIFLC
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PSNFLGal
ENDIF
C IF POSITION LEG 1S REQUIRED AND FEASIBLE, SET FLAG
IF (XX(87).GE.4) PRINT =,
T PSNFLG,LIMSCH~" ,PSNFLG,LIHSCH
c CHECX EACH MISBION IN THE FILE
C PIND BEGIN AND END RANK OF EACH BLOCK OF EQUAL-PRIORITY
C MISSION, AND OLDEST MISSION READY TIME WITHIN PRIORITY.
100 CALL COPY (1,MBASE.A)
MPRIsA(D)
IRANKs=1
NXITPRI=A(3)
IF (X2(87).GE.5) PRINT =,
I MPRI, IRANX, NXTPRI- ,MPRI, IRANK,NXTPRI
c !LOCK DEFINITION LOOP
C FIND BEGINNING AND END OF PRIORITY BLOCX
101 OLDEST=TNOW+1
DO 102 IIsIRANK,INQ
CALL COPY(II ,MBASE.N)
IF (A(S).GT.MPRI) THEN
NXTPRI=A(S)
GO TO 103
ENDIF
IF (A(S).EQ.MPRI.AND.A(1) .LT.OLDEST)
OLDESTsA(1)

102 CONTINVE
C SET MARKER FOR END OF CURRENT PRIORITY BLOCK
103 IF (NXITPRI .EQG.MPRI) THEN
LRANK=INQ
ELSE
LRANK=l1-1
ENDIF
IF (XX(37).GE.¥) PRINT =,
vt NXTPRI LRANK.OLDBST- NXTPRI , LRANK, OLDEST
C BLOCK SEARCH LOOP
C SEARCH WITHIN PRIORITY BLOCK FOR MISSIONS EQUAL TO
C OLDEST; SIMULTANEOUSLY FIND NEXT OLDEST MISSION IN
€ BLOCK.
200 OLDNXIT=TNOV+ 1
201 DO 202, JJsIRANK,LRANK
CALL COPY(JJ,MBASE,A)
IF (A(1l).EQ.OLDEST) THEN
MRANK«JJ
C BECIN SCREENING CHECKS POR THIS MISSION
TDELAY=DELAY
CHXTIM=PSNETA *
IF (PFLGC.EQ.0) THEN
PTIN=0O
ELSE
PTIN«PSNETA-TNOV
ENDIF
IF (XX(87).GE.8) PRINT s,
A MSN, PRI, RDY, IIK-'.A(I) A(3) A1), ALH)
€ CHECK FOR TAC MSN AND NON-TAC ACFT
IF (AC2) . EQ.1.AND.ATRIB(2).GE.2) GO TO 1§

17
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C CHECX FOR MSN NOT JUSTIFYING RISK TO GET TO POSN BASE
IF (A(4) .LT.LIMSCH) GO TO 15
CHECX FOR SUFFICIENT FUEL REMAINING (BASED ON 4200 LB/HR !
BURN RATE AND 50400 LB/12.0 HR FUEL LOAD ON DEPARTURE i
FROM HOME BASE). ESTIMATED MSN TIME (BACK TO HOME BASE 1
BASE) 18 USED FOR FUEL CHECK; ACFT MUST HAVE FUEL FOR
EST MSN TIME PLUS POSITION LEG TIME. ACFT BEING SCHED
AT HOME BASE ARE NOT CHECKED.
_ IF (LOC.NE.1) THEN ;
: TFUEL=600-ATRIB(3) i
TMSN=A(38)+PTIN "
IF (TFUEL.LT.TMSN) GO TO 1§ j
ENDIF ‘
C CHECX FOR SUFFICIENT CREV DAY REMAINING (SAME CRITERIA AS !
! € FOR FUEL CHECKX) :
CDAY=IX(10)-TNOW+ATRIB(10)
IF (XX(97).GE.6) PRINT »,
o CDAYREM ,MTIM«',CDAY,(A(38)+PTIM)
IF (CDAY.LT.(A(38)+PTIM)) THEN
IF (LOC.NE.1) GO TO 1§ |
C IF AT HOME BASE AND CREV 1S NEEDED BUT NONE ARE AVAIL- ;
C ABLE, TRY NEXT MISSION.
IF (NNG(7).EQ.0) GO TO 15
ENDIF
C CHECK MSN LEG BY LEC FOR WX AND THREAT
DO 17 LEG=1l.4
€ IF NEXT DEST = 0, NO MORE LEGS, MSN HAS PASSED CHECKS,
C EXIT SEARCH LOOPS
' IF (A(LEG*3+20).EQ.0) GO TO 20
‘ ORIG=A(LEG*3+17)
i ONCGO=A(LEG*3+18)
‘ OFFCCOsA(LEG®3+19)
DEST=A(LEG*3+20) i
ETMP=A(LEG+32)
IF (XX(37).GE.8) PRINT *,
i LEG,DEST=',LEG,DEST
CHECK FOR MHE AVAILABILITY AT ENROUTE BASES REQUIRING
ONLOAD (ASSUME CARGO CAN BE COMBAT-OFFLOADED [F REQ);
CHECK FORKLIFTS ONLY (CAN INCLUDE K-LOADERS IN FUTURE
VERSIONS)

QOO 00

a0 an

IF (ONCGO.EQ.2.O0R.ONCGO.EQ.3.0R.ONCCO.EQ.8) THEN
IF (ORIG.EQG.3.AND.XZ(73).£Q.0) GO TO 1S
IF (ORIG.EQ.4.AND.ZX(74).EQ.0) GO TO 1S
ENDIF
CHECK FOR ETA SLOT FOR EACH LEG; AIRDROPS DON'T NEED ETA;
C IF EARLIEST AVAIL ETA AT ANY ENROUTE BASE PUSHES DELAY
C OVER LINIT, TRY NEXT MISSION
IF (DEST.GE.3.AND.(OFFCGO.LE.4.OR.
OFFCGO.GE.7)) THEN
ETAREQ=ETMP+ PSNETA+TDELAY
, . CALL ETACHK(DEST,ETAREQ, ETAOPN,ETAFLG)
- IF (ZX($7).GE.8) PRINT »,
! o ETAREQ,ETAOPNa=', ETAREQ, ETAOPN
- IF (ETAFLG.2Q.0) GO TO 13
g ! TDELAY=TDELAY+ETAOPN-ETAREQ

RTTR -
B PO,
©
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1F (LOC.LE. 2. AND.TDELAY.GT.%0) GO TO 15
IF (LOC.GE.3 AND.TDELAY.GT.30) GO TO 15

ENDIF
COMPUTE CHKTIM FOR WX AND THREAT CHECK -- CKHECK CONDITIONS
BASED ON TIME TO MIDPOINT OF CURRENT LEG; THREAT AND WX VILL
REFLECT CURRENT CONDITIONS (ASSUMED TO BE VALID FOR THE NEXT
SEVERAL HOURS); ESCORT EVALUATION VILL REFLECT PLANNED
AVAILABILITY AT CHKTINM; IF WX BAD FOR LEC OR IF MSN DOESN'T
ALLOV RISK REQUIRED FOR LEG, TRY NEXT MSN

CHKTIM=TNOW+TDELAY+ETMP-

(ETELST((ORIG-1)*5+DEST)/ 2)
CALL WXCHK(ORIG,DEST,CHKTIM, WIFLG)
IF (3X¢97).GE.8) PRINT ¢,
H WXFLG=' ,WXFLG
IF (WXFLG.CT.A(4)) GO TO 15

s I I s BN I & B o ]

17 CONTINUE
GO TO 20
ENDIF
C RESUME SEARCH OF MISSION FILE IF MISSION IS REJECTED
13 IF (AC1) .GT.OLDEST.AND.A(1).LT.OLDNXT) OLDNXTsA(1)

102 CONTINVE
C IF MORE MISSION IN CURRENT BLOCK, RE-ENTER BLOCKX
C SEARCH LOOP
IF (OLDNXT.LE.TNOW) THEN
OLDEST=O0LDNXT
GO TO 200
ENDIF
C IF ANOTHER PRIORITY BLOCK, RE-ENTER BLOCK DEFINITION
C LOOP
IF (NXTPRI.GT.MPRI) THEN
MPRISNXTPRI
IRANKsLRANK+1
GO TO 101
ENDIF
C IF NO MORE PRIORITY BLOCKS (END OF CURRENT FILE) GO TO
C NEXT BASE FILE

10 CONTINUE
C IF THROUGH BASE LOOP AND MSN NOT FOUND, AND IF BASE I WAS

C CHECKED BEFORE BASE | BECAUSE OF AN OLDER MISSION, RESTART
C THE LOOP TO CHECK BASE 1
19 IF (LOC.EQ.1) THEN
IF (CHECKZ.EQ.2) THEN
CHECK2s=3
GO TO §
ENDIFY

ENDIF
C IF NO MSNS FOUND AND NOT AT BASE 1, GENERRATE DEADHEAD LEC

€ TO HOME BASKE; IF AT BASE 1, SET SWITCH FOR $0-MINUTE DELAY

C LEG.
" IF (LOC.GE.2) THEN
ATRIB(17) =0
CALL DEDNED(LOC)
IF (XX(97).GE.2) PRINT »,°' DEDHED CALLED’
I? (ATRIB(16).EQ.1) CALL MTRACE(3)
IF CATRIBC18).80.1) CALL MTRACE(SO)
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RETURN
ENDIF .
| IF AIRCRAFT HAS CREW BUT NO MISSION COULD BE FOUND, i
- RETURN CREV TO CREV REST IF LESS THAN 25% OF ORIGINAL
| C CREWDAY REMAINING.
= CDAY=XX(10)-TNOW+ATRIB(10)
IF (CDAY.GT.(.75%XX(10)) THEN
k. IF (ATRIB(10).NE.0) THEN
A CALL ENTER(&,ATRIB)
ATRIB(10)=0
ENDIF
ENDIF
C IF AIRCRAFT IS IN DEGRADED STATUS AND MISSION COULD
) NOT BE FOUND, 50% CHANCE TO RETURN AIRCRAFT TO MAIN-
' C TENANCE FOR POSSIBLE REPAIR AND UPGRADE TO FMC STATUS.
' IF (ATRIB(2).GE.2) THEN
ZT1=UNFRM(O0.,100.,1)
| IF ¢(X1.GE.50) THEN
| ATRIB(168)s100
| ATRIB(37)=00897
ATRIB(15)al
RETURN
ENDIF
ENDIF
ATRIB(16)=0
! IF (XX(87).GE.2) PRINT ¢,°' DEDHED HOLD'
RETURN
C IF AT MAIN BASE AND MBN IS GOOD, CHECK FOR CREV CHANGE
€ BASED ON MSN DURATION; SET FLAC IF NEW CREW NEEDED;
€ ALL NON-CREV ACPFT REQUIRE CREW (ATRIB(10)s0).
20 IF (LOC.EQ.1) THEN
ATRIB(18)s0
IP (ATRIB(10).EQ.0) THEN
ATRIB(18)sl
IF (XX(98).GE.1) PRINT *, 'NON-CREV ACFT SCHEID'
- G0 TO 1000
b “ ENDIF
S » CDAY=XZ(10)-TNOW+ATRIB(10)

(g BN 3]

(2]

’ MTIMsA(38)+PTIM+TDELAY

} IF (COAY.LT.MTIM) ATRIB(18)sl
2;4 IF (XX(97).GE.3) THEN

3 IF (ATRIB(18).EQ.0) PRINT ¢, CREW OK, CDAYREM=',
i : CDAY
3 IF (ATRIB(18).EQ.1) PRINT t,°' CREV NEEDED,*
3 : * CDAY,MTIMa’',CDAY, NMTIN :
2 ENDIT \

END1?

C "PIGCYBACK" MSN ATRIBS ONTO ACPT 1
. 1000 CALL SCHSET(A,TDELAY,PSNETA,PSNETE,PSNFLG,MBASE,MRANK,LOC)
- CALL MTRACE(D)
3 CALL MTHACER(S0)
RETURN

¥t
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SUBROUTINE SCHSET(A,TDELAY,ETAP,.ETEP,PFLG,MBASE ,MRANK,LOC)
CALLED BY SCHED TO PIGGYBACK MISBION ATRIBS ONTO ACFT. SCHSET
ALSO PERFORMS HOUSEXEEPINC ROUTINE ON ETA PILES BY ELIMINATING
ALL ETAS OLDER THAN TNOW MINUS ONE HOUR (TIMES MUST BE RETAINED
FOR PROPER ETA CHECKING, WHICH NEEDS PREVIOUS ETAS FOR PLUS/MINUS
ONE HOUR OF PROPOSED ARRIVAL). THE ETA FILES ARE THEN COMPRESSED
AND FILLED OUT WITH ZEROS, SO THAT THE NEXT ETA ENTERED WILL BE
AT THE END OF THE NON-ZERO ENTRIES FOR A PARTICULAR BASE.

THE MISSION ENTITIES ARE DESTROYED BY DEFAULT, SINCE THEY ARE
NOT REENTERED AFTER THEY HAVE BEEN REMOVED FROM THE MISSION

FILES.

VARIABLES:
ETALST(1350) INT FWD BASE ETA FILE
AC40) REAL MISSION ATRIBS
TDELAY INT MISSION DELAY
ETAP INT ETA AT PICKUP BASE
ETEP INT ETE TO PICKUP BASE
PFLC INT IF 1, POSITION LEC REQ
MBASE INT MISSION PICKUP BASE
MRANK INT MISSION FILE RANK
LocC INT CURRENT ACPT LOCATION
EPTR - INT ETALST POINTER
MSNETA INT SCHED MSN BASES AND ETAS
ETMP INT TEMP ETALST XFER VARIABLE

COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV,11,MFA,
MSTOP,NCLNR,NCRDR,NPRNT ,NNRUN, NNSET ,NTAPE,88(100) ,85L(140),
TNEXT,TNOV,.XX(100)

COMMON/UCOM2/ ETALST(150)

REAL A(40) -

INTEGER ETALST,ZONLST, ETELST,BASLST,MOGLST MSNETA(40) ,ETMP,

ETAP ,ETEP,TDELAY ,PFLG,EPTR

1P (XX(20).EQ.0) THEN

DO 1 Ke1,150
ETALST(K) =0

CONTINUE

IX(20)=1

ENDI?

DO 2 Kel,10
MSENETA(K) =0

CONTINVE

TasTNOW+TDELAY

DO 3 Ksl1,4
IF C(A(K®3+20).GE.1.AND.A(K®3+20).LE.S) THEN

MANETA((K+1)%2-1)sA(K?3420)
MENETA((K+1)%2)uA(K232)T
ENDI?Y

CONTINUVE

IF (PFLC.EQ.1) THEN
MSNETA(1)=MBASE
MSNETA(2)=ETAP

ELSE
MSNETA(1)sl

ENDIT

-
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DO 23 Isl,9,2
1P (MSNETA(I).EQ.0) GO TO $0
o IF (MSNETA(I).LE.2) GO TO 23
o EPTRe (MSNETA(1)-3)250
C K=l
o DO 24 J=1,50
3 ETMP=ETALST(EPTR+J)
‘ IF (ETMP.GT.TNOW) THEN
1 ETALST(EPTR+X)=ETMP
A l KsK+1
! IF (XX(97).GE.9) PRINT =,
E : ' ETALST ' ,X-1,'s' ,ETALSTC(EPTR+K-1)
’ ENDIF
} IF (ETMP.EQ.0) GO TO 28
; 24 CONT INVE
C IF ETA FILE PULL (ALL ETAS NEEDED) PRINT MSC AND GO TO NEXT
€ LEG, OTHERWISE FILE NEV ETA. IF FILE FULL (IT SHOULDN'T BE)
C FLY THE MISSION AS SCKEDULED.
IF (K.EQ.S1) PRINT ¢, 'ETA FILE BASE ',LOC,' FULL AT °,
TNOV
1F (X.EQ.S1) GO TO 23
2s ETALST(EPTR+K)aMSNETA(I+1)
IF (XX(87).GE.8) PRINT »,
- 2 NEV ETA=',ETALST(EPTR+K),' PSNs',X
E C FILL THE REST OF THE ETA FILE FOR LOC WITH ZEROS
DO 26 LsK+1,50

B P 0 U NP SPUR

! ETALST(ETPR+L )=l

| 26 CONTINUE

* 23 CONTINUE

i C PIGCYBACK MSN ATRIBS ONTO ACFT .

! € IF POSITION LEG NEEDED, PUT ITS DATA IN CURRENT LEC SLOTS
C (Al12-15), THEN PLACE MISSION LEGS IN SEQUENTIAL LEC SLOTS
C (A20-32).
50 IF (PFLG.EQ.1) THEN
ATRIB(12)sLOC
ATRIB(13)=0
ATRIB(¢14) =0
v ATRIB(15)=MBASE
] DO 51 1a220,32
ATRIB(I =A(I)
: 4 : 51 CONTINUE
' L ENDIF
€ I? POSITION LEGC NOT NEEDED, PUT FIRST MISSION LEG DATA IN
.- : € CURRENT LEC SLOTS AND FOLLOWING LEG DATA IN SEQUENTIAL SLOTS.
, C FILL LAST LEG SLOTS WITH IEROS SINCE MISSION DATA HAS BEEN
| C SHIPTED DOWN ONE LEG.
’ IF (PPLG.EQ.0) THEN
p : ATRIB(12)sMBASE
F. ATRIB(13)sA(2})
ATRIB(14)=AC22)
ATRIB(15)=A(23)
DO 32 Ie23,32
ATRIB(I-3)aA(])
52 CONTINUE
DO 33 1e20,32 {

-
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ATRIB(I)=0

53 CONTINVE
ENDIF
C CLEANUP (NOTE THAT Al7aTDELAY -- ALL DELAY I8 TAKEN AT
€ ORIGINATING BASE; PLANNED DELAYS ENROUTE ARE NOT ALLOWED
€ -- YET.)
ATRIB(11)=0
ATRIB(18)sl
ATRIB(17)sTDELAY
C ATRIBS 36-39 WILL CARRY ORIGINAL MISSION ATRIBS 1-§5:
C ORIC READY TIME, TYPE ACFT REQUIRED, MISSION NO,
C RISK LEVEL, AND PRIORITY
DO 60 I1s1,5
ATRIB(34+1)=AC])
* 60 CONTINUE

C DESTROY THE MISSION ENTITY
CALL RMOVE (MRANK MBASE.A)
RETURN
END
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3UBROUTINE DEDKED(LOC)
WHEN AN AIRCRAFT FINISHES A MISSION AT OTHER THAN HOME
BA3E AND A NEW MISSION CANNOT BE FOUND, THE AIRCRAFT
MUST RETURN EMPTY TO HOME BASE. AIRCRAFT ARE NOT ALLOWVED
TO REMAIN AT ENROUTE BASES WITH NO MISSION. IF AT BASE §,
THE AIRCRAFT MUST RETURN HOME RECARDLESS OF THREAT, SINCE
TH1S TYPE OF BASE IS CONSIDERED UNSAFE. IF AT BASE I, 3.,
OR 4, PROTECTION IS ASSUMED TO BE AVAILABLE AND THE AIRCRAFT
CAN REMAIN THERE TEMPORARILY. SCHED WILL ATTEMPT TO
RESCHEDULE THESE AIRCRAFYT EVERY 60 MINUTES UNTIL THEY
EITHER FIND A MISSION OR CAN RETURN HOME. 1IF AT BASE 13
OR 4, HOWVEVER, AND IF AN INBOUND AIRCRAFT IS HOLDING
FOR A SLOT AT THAT BASE, THE EMPTY AIRCRAFT MUST LEAVE.
DEDHED IS AL80 CALLED BY THE ENGINE-START PROCEDURE WHEN
ANY AIRCRAFT NOT AT HOME BASE MUST MAKE AN UNSCHEDULED TRIP
TO HOME BASE (ABORTING). IN THIS CASE, DEDHED I8 USED TO
MAKE A LAST-MINUTE VEATHER/THREAT CHECK FOR THE NEWLY-
ABORTING AIRCRAFT. 1IF THREAT/WEATHER ARE NOT ACCEPTABLE
(AND IF FORCE-QUT CONDITIONS DQ NOT APPLY) THE AIRCRAFT MAY
TEMPORARILY REMAIN AT ITS CURRENT BASE ON A “DEPARTURE HOLD".
THE AIRCRAFT WILL RETURN TO RESTRT (AND THUS TO DEDHED) EVERY
€0 MINUTES UNTIL CONDITIONS ALLOW IT TO DEPART FOR HOME.
(“FORCE-OUT" RULES APPLY TO BOTH ABORTS AND NON-ABORTS).
COMMON/SCOM1/ ATRIB(100),DD(100),.DDL(100),DTNOV, 11 ,MFA,
MSTOP,NCLNR,NCRDR,NPRNT ,NNRUN ,NNSET ,NTAPE,88¢(100) ,88L(100),
: TNEXT,TNOV, XX(100)
COMMON/UCOMY/ ETELST(25),ZONL8T(150),BASLET(2S)
INTEGER ZONLST,ETELST,BASLST,ETEHOM,VIFLG
C CHECK FOR "FORCE-OUT" CONDITIONS
IF (LOC.EQ.3.AND.(NNQ(8).GT.0.0OR.NNQ{(9).GT.0)) GO TGO 20
IF (LOC.EG.4.AND.(NNQ(1S5).GT.0.OR.NNQ(16).G6T.0)) GO TO 20
IF (LOC.EG.3) GO TO 20
C IF RISK PRIORITY 18 Z, GO REGARDLESS
IF (ATRIB(40) .EQ.2) GO TO 20
CHKTIM=TNOW
CALL WXCHK(LOC,1,CHKTIN,WIFLG)
IF (WIFLG.GT.ATRIB(4)) THEN
ATRIB(16)=0
RETURN
ENDIF
20 ATRIB(40)=2
ATRIB(18)sl
C IF ALREADY LOADED (AS FOR SOME ABORTS) DON'T CHANGE ATRIBS
IF (ATRIR(11).CE.1) GO TO 99
C IF ALREADY DEADHEADING (MSN = 80000-88999) DON'T CHANGE
IF (ATRINCI7).GE.80000.AND ATRIB(37).LE.0880089) GO TO o9
C IP COMING DIRECTLY FROM SCHEDULER (NO MSN AVAIL) SET UP
€ MISSION ATTRIBUTES FOR DEADKEAD LEC TO HOME BASE
ATRIB(12)«L0C
ATRIB(12)=0
ATRIB(14)=0
ATRIB(13)=]
DO 21 1=1%,3%
ATRIB(I)=0
i1 CONTINVE
ATRIB(37)280000+L0C®1000+XX(30)*1002X¢C28)
L1 RETURN
END
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ETACHK -- CHECKXS FOR NON-CONFLICTING ARRIVAL TIME AT A BASE

INPUT -- DEST
ETAREQ
ETALST
MOGLST

OUTPUT -- ETAOPN
ETAFLG

INTERNAL -- EPTR
NETA

SET ETAFLG TO 1.

- oW N -

DESTINATION BASE CODE

INITIAL PROPOSED ETA

FILE OF PREVIOUSLY SCHEDULED ETAS

MAX NUMBER OF ARRIVALS PER HOUR LOOKUP TABLE
FIRST OPEN ARRIVAL TIME SLOT

0 IF NO SLOTS WITHIN 4 HOURS OF ETAREQ; ELSE 1
POINTER TO ETALST

NUMBER OF ETAS WITHIN 1-HR WINDOW BEINC CHECKED

CREATE EPTR (POINTS TO BEGINNING OF PROPER SO0-ENTRY VECTOR).
SET ETAOPN=ETAREQ (KEEP ETAREQ FOR REFERENCE).
CHECK EACH 1-HOUR WINDOW FROM (ETAOPN MINUS ] HR) TO (ETAOPN PLUS

1 HR USING 5-MINUTE INCREMENTS BETVEEN WINDOWS:

A. INITIALIZE NETA TO ZERO.
B. CHECK EACH OF 30 ENTRIES IN ETALST VECTOR (SEE NOTES):

IF IN

WINDOW, NETAsNETA+1

C. IF NETA EXCEEDS MAX NO OF ARRIVALS PER HOUR, THIS WINDOVW

13 BAD: SINCE ALL WINDOWS MUST BE GOOD FOR AN
ARRIVAL TIME SLOT TO BE ACCEPTABLE, THiS8 VALUE
OF ETAOPN 18 NOT VALID AND A NEW ETAOPN MUST BE
CHECKED; INCREMENT ETAOPN BY NUMBER OF WINDOWS
CHECKED TIMES § MINUTES:

IF NEW ETAOPN IS MORE THAN 4 HRS FROM ETAREQ, SET

ETAFLG=0 AND RETURN (NO SLOTS AVAILABLE).

IF NEV ETAOPN IS WITHIN 4 HRS, REPEAT (4) VITH NEV

ETAOPN.

D. IF THIS WINDOV IS GOOD, CHECX NEXT WVINDOW.
5. WHEN ALL WINDOWS FOR A SPECIFIC VALUE OF ETAOPN ARE GOOD, THAT

NOTES: WINDOWS ARE

THE CONCEPT

THE PRIMARY

VALUE OF ETAOPN I8 A VALID ARRIVAL TIME; RETURN.

ONLY CHECKED IN S-MINUTE INCREMENTS TQ PREVENT
EXCESS TIME REQUIREMENTS FOR SHORTER INTERVALS;
S MINUTES WAS SHOWN ON TEST RUNS TO BE
SATISFACTORY.

OF MAX NUMBER OF ARRIVALS PER HOUR CORRESPONDS
TO THE CONCEPT OF MAX NO OF ACFT ON THE GROUND
(MOG); IN MOST CASES, THE TWO NUMBERS VILL BE
THE SAME IF THE AVERAGE GROUND TIME DOES NOT
DIFFER TOO GREATLY FROM AN HOUR. THIS MODEL
ALLOWS THE USER TO SET "HOURLY FLOW RATES"
WHICH ARE SEPARATE FROM MOG LIMITS AND WHICH
WILL BE USED BY THE SCHEDULER TO LIMIT ARRIVALS
AT AFFECTED BASES.

USE OF THIS CONCEPT IS TO AVOID LARGE HOLDING
QUEVES AT FORWARD BASES, PARTICULARLY IN WARTIME.

THE ENTIRE 50-ENTRY VECTOR FOR A PARTICULAR BASE IS NOT

ACTUALLY CHECKED FOR EACH WINDOW; SUBROUTINE
SETSCH INCLUDES A HOUSEXEEPING ROUTINE WHICK
INSURES THAT ONLY CURRENT ENTRIES ARE IN THE
VECTOR. THESE ENTRIES ARE FURTHER STORED CON-
TIGUOUSLY IN THE FIRST PART OF THE VECTOR;

THE END OF THE VALID ENTRIES IS MARKED WITH A
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ZERO; ACCORDINGLY, WHEN A SEQUENTIAL SEARCH OF
THE VECTOR ENCOUNTERS A ZERO, THERE ARE NO
FURTHER ENTRIES OF INTEREST IN THE VECTOR.

ETA FILES ARE NOT MAINTAINED FOR MAIN BASES:

nNnaOooOoan

SUBROUTINE ETACHK(DEST,ETAREQ,ETAOPN,ETAFLGC)
COMMON/SCOMY/ ATRIB(100),DD(i00),DDL(1006),DTNOV, 1], ,MFA,
MSTOP ,NCLNR NCRDR,NPRNT ,NNRUN , NNSET ,NTAPE,S8(100) ,88L(100),
TNEXT,TNOV,XX(100)
' COMMON/UCOM2/ETALST(15))
INTEGER ETALST,ZONLST,ETELST,BASLST MOGLST(S),MSNETA,
ETAREQ.ETAOPN,EPTR ,NETA ,ETAFLG,DEST
DATA MQGLST/99,99,8.2,2/
IF (XX(20) .EQ.0) THEN
DO 1 K=1,150
ETALST(X) =0
1 CONTINUE
IX(20)=1
ENDIT
C SET ETAFLG TO 1; CREATE EPTR; INITIALIZE ETAOPN=ETAREQ
ETAFLGsl
EPTR= (DEST-3)*50
ETAOPN=ETAREQ
C MAIN LOOP FOR "WINDOW CHECK" OF A SPECIFIC VALUE OF ETAOPN
] DO 10 IsETAOPN,ETAOPN+#0,3
C INITIALIZE NETA=0 FOR EACH VINDOW
NETA=0
C FOR EACH WINDOW, CHECK S0-ENTRY ETALST VECTOR AND INCR NETA IF
€ REQ.
DO 11 J=1,50
' IF (ETALST(EPTR+J) .GE.(1-38) AND.
: ETALST(EPTR+J).LE.I) THEN

NETA=NETA+1
IF (XX(97).GE.%) PRINT ¢, ° NETAs ', NETA
ENDIF
IF (NETA.GE XX(83+DEST)) THEN
ETAOPN=I+3

C IF NEW ETAOPN NOT WITHIN & KRS, GIVE UP
IF (ETAOPN.GT.(ETAREQ+240)) THEN
ETAFLCsO
ETAOPN=0O
RETURN
ENDIF
- C IP NEW VALUE OF ETAOPN WITHIN 4 HRS, RESTART MAIN LOOP VITH NEW
C ETAOPN.

A mrme G A . .

GO TO S
ENDIY
C IF NEXT ENTRY IN ETALST VECTOR I8 ZERQ, NO MORE ENTRIES OF
C INTEREST; BEGIN CKECK OF NRIT VINDOV
IP (XX(87).GE.9) PRINT 1,
, st ETACHK LAST ENTRY NR ',J,'s’',ETALST(EPTR4J)
B IF (ETALST(EPTR+J+1).EQ.0) GO TO 10
f 11 CONTINVE
‘ ' 10 CONTINUE
, RETURN
END
180
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SUBROUTINE WX (J)

DATA 1S LOADED TO REPRESENT TH1S MATRIX (FOR SEASON 1)
PROBABILITIES ARE IN TENTHS: FOR DATA
WX NOW = I II III STATEMENT, MAKE ONE VECTOR WITH PIRST
I 5 4 ¢ COLUMN LISTED FIRST, THEN SECOND COLUMN,
Wl TO BE I1 3 & 3§ THEN THIRD COLUMN, THEN REPEAT PATTERN i
1IrIr z z 1 FOR NEIT SEASON MATRICES, ETC. !
FOR RETRIEVAL, POINTER IS (SEASON-1)®8+(IWE-1)%3+]
)))THIS FEATURE OF THE MODEL IS AWAITING WEATHER DATA FROM
AIR WEATHER SERVICE. IT WILL EVENTUALLY HAVE TEN SEPARATE
MATRICES, ONE FOR EACH ZONE. THE CURRENT MATRIX IS USED
FOR ALL ZONES AND REPRESENTS A ROUGK APPROXIMATION OF ;
WEATHER CONDITIONS IN SOUTH-CENTRAL ALASKA. TO EXIPAND
FOR NEW ZONES, USE COMPUTED GO TO (1 THRU 10) OR VUSE
LARGE DATA MATRIX WITH INDICES FOR 10 BASES.

VARIABLES:
v INT MARKQGV PROBABILITY MATRIZ
SEASON INT SEASON
TOAY INT TIME OF DAY
N1, N2 INT TEMP PROB VRBLS
1wz INT VEATHER CODE
X REAL RANDOM VARIATE

R R N s N e N s e s N s s s s s BN B s IR I s B O 2 I 2 )

COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV, 11 ,NFA,
MSTOP ,NCLNR,NCRDR, NPRNT , NNRUN,NNSET.NTAFE,S8(100),
SSL(100),TNEXT, TNOW,I2(108)
INTEGER SEASON,TDAY,IWX,W(18)
DATA W/S5,3,2,4,4,2,4,5,1, |
: 11502131‘:3121.121 |
$,3,2,8,2,2,3,5,2, . -
: 3,5,2,3,4,3,2,8,2/ !
SEASON=ZXX(31) '
TDAY=XX(26) ;
I=UNFRM(1.,10.,1) ;
FOG CHECK -- IF WX 18 CLEAR IN FALL OR WINTER, FOC IN POSSIBLE.
FOG CAN ONLY FORM DURING BARLY MORNING HOURS (TDAY = 00 TO 12). ‘
IF FOG HAS TORMED DURINC THE 00-08 PERIOD, IT MAY “FORM AGAIN*® i
FOR THE 08-12 PERIOD. 1IF FOGC ALREADY EXISTS AND DOES NOT "FOMM :
ACAIN", IT BURNS OFF (MOST LIKELY TO CLEAR, BUT POSSIBLY TO
MEDIUM OR EVEN LOV OVERCAST).
IF (SEASON.EG.2.0R.SEASON.EQ.3) THEN
I? ¢(IVX.EQ.1.0R.IVX.EQ.4) THEN
IF (TDAY.GE.00.AND.TDAY.LT.12) THEN
IF (X.LE.6) THEN
IVEs4
c0 TO 10 1
ENDIF
ENDIY }
ENDIF 5
INDIT
IF (IWE.EQ.4) THEN
I? (X.LE.8) IWXsl
IP (X.GT.0.AND.Z.LE.9) IWIeal
IF (X.CT.9) IVXal

oo aaon

el
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" G0 TO 10
yi ENDIF
-3 C REGULAR WX ADJUSTMENT RQUTINE
NisW((SEASON-1)%04+(IWE-1)23+])
N2sN1+W((SEASON-1)284+(IVWX-1)73+1)
3 I? (X.LE.N1) THEN
. 1WEsl
b GO TO 10
ENDIP
IF (X.LE.N2) THEN
IVIa2
GO TO 10
ENDIF

IWXa3

IF (XX¢(88).EQ.3) PRINT 1000,TNOW,TDAY*100,J,1WX
10 XX(40+J)=]1VWX

RETURN
- . 1000 FORMAT (1X,F7.1,15,' WX IN ZONE ',I2,' = ',11)
. END
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C WXCHX -- CHECKS WX AND THREAT FOR A SPECIFIC LEGC
: C
C INPUT -- ORIGC LEG START BASE CODE
DEST LEC END BASE CODE
CHXTINM TIME FOR FTRCHK CALL
ZONLST ZONE LOOXUP TABLE
ALLVX IX(81-83) -- BASE INSTRUMENT APP CODES

l THRT XX(50-59) -- IONE THREAT CODES
{ vx XX(40-49) -- ZONE WEATHER CODES
OUTPUT -- VIFLG 0 = NO TERM WX OR THREAT PROBLEMS
1 = TERM VX 0K, LOW THREAT ENROVTE
2 = TERM WX OK, HIGH THREAT
3 = TERM VI BELOW MINS, NO THREAT
’ * 4 = TERM WX BAD AND LOV THREAT
5 = TERM WI BAD AND HIGH THREAT
INTERNAL -- ZPTR ZONLST POINTER
ZONE ZONE BEING CHECKED

CALLS -- FTRCHX EVALUATES ESCORT AVAILABILITY AY CHKTINM

CREATE POINTER FOR ZONLST.

LOOP THROUGH APPROPRIATE VECTOR IN ZONLST. VECTOR CONTAINS
SIX ENTRIES:; ZONES ARE LISTED IN SEQUENCE FROM ORIC TO
DEST (UP 5 ZONES MAX): AFTER LAST ZONE, VECTOR I8 FILLED
OUT WITH ZEROS (ENTRY 6 18 ALWAYS ZERO).

FOR EACH ZONE IN VECTOR:

A. SET CURRENT WEATHER AND THREAT CODES.
THREAT INDEX AND TERM WX INDEX = 0

B. IF THREAT EXISTS, THEN CALL FTRCHK FOR ESCORT AVAIL
IF WX LOW, NO ESCORT, HIGH THREAT = 2
1F WX CLR, NO ESCORT, LOV THREAT = 1
IF WX LOV, WITR ESCORT, LOW THREAT = 1

€. IF NEXT ENTRY IN VECTOR IS ZERO (CURRENT ZONE 18 DEST

ZONE) THEN

1F WX IS FOG AND DEST HAS NO PREC APPROACH = 3
IF WX IS LOW CLOUDS AND DEST HAS NO APPROACH = 3
WIFLG = THREAT INDEX PLUS TERM WX INDEX

D. IF THIS WAS NOT DEST ZONE, REPEAT (3) FOR NEXT ZONE
HIGHEST THREAT INDEX IS MAINTAINED

™~ -

NOTES: IF THERE I8 NO THREAT IN A ZONE, THE MISSION IS ASSUMED TO
BE ABLE TO TRANSIT THAT ZONE REGARDLESS OF THE WEATHER.
IF THREAT EX18T8, THIS ZONE NUST BE TRANSITED LOV-LEVEL IF
POSSIBLE MIDDLE CLOUDS PROVIDE IDEAL COVER AND NO ESCORT
18 REQUIRED. CLEAR VEATHER LEAVES SOME CHANCE OF DETEC-
TION BY FICHTERS, 8O ESCORT IS8 REQUIRED. FOC OR LOVW
CLOUDS FORCE FLIGCHT AT NIGHER ALTITUDES, SO PROBABILITY
I? DETECTION I8 HIGH AND ESCORT [8 MANDATORY.
VEATHER 18 ASSUMED TO BE UNIFORM THROUVGHMOUT A IONS.
PRECISION APPROACHES ARE ASSUMED TO ALLOW LANDINGS IN FOG.
A BASE WITH NO APPROACHES 1S USABLE ONLY IF WEATHER S MIDDLE
CLOUDS OR BETTER (CORRESPONDS TO VFR CONDITIONS). !
PREPLANNED HOLDING FOR WEATRER AT ANY BASE [S NOT ALLOVED. |
VEATHER FORECASTING I8 NOT ATTEMPTED -- SCHEDULING AND WEATHER
CHECKING ASSUMES EXISTINC CONDITIONS WILL NOLD FOR TME

_ ot
S o
- e de . B AL A

G Rt s G N G e e e B s B e s s N s s s I s B s B s B s I s N s B s A s A N e B s A s B e B e B s B B s BN N s A s B2 B s B s B s BN B s B BN BN O 2 ]

!
‘
|
|

103 ‘
:
\
|
\




»

A

|

' (4 NEXIT SEVERAL HOURS (THIS 18 REALISTIC WHEN OPERATING
[4 IN A *"LINE-OF-SIGHT" SCHEDULINC MODE.)

, SUBROUTINE WICHK(ORIG,DEST,CHKTIM,WIFLG) :
E | COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV, 11, MFA, !
MSTOP,NCLNR ,NCRDR,NPRNT ,NNRUN,NNSET ,NTAPE ,88(100) ,58L(100),
TNEXT,TNOV,XX(100)
REAL A,CHKTINM
INTEGER ORIC,DEST,ESCTMP,WIFLG,ALLWE, THRT, ZPTR, ZONK,
FTRFLG,WR,ZONLST(150)
DATA ZONLST/1,5%0,1,2,4%0,1,9,10,3%0,1,9,10,6,220,1,3,4,320,
: 2,2,1,3%0,2,5%0,2,10,4%0,2,10,8,3%0,2,9,4,2%0,
: 10,9,1,3%0,10,2,4%0,10,520,10,8,4%0,10,5,4,3%0,
} . : $,10,9,1,2%0,6,10,2,3%0,8,10,4%0,8,5%0,8,5,4,3%0,
i : 4,3,1,3%0,4,9,2,3%0,4,5,10,3%0,4,5,6,3%0,6,5%0/
WXFLGe0
€ SET ALLWX AND ZPTR
l ALLVX=XX(DEST+80)
ZPTRw (ORIG-1)%30+(DEST-1) 24
C LOOP THROUGH ZONES
DO 10 le1,8
1 C FIND NEIT ZONE, SET WEATHER AND THREAT
: ZONE=ZONLST(ZPTR+1)
‘ WI=IX(ZONE+40)
THRT=XX(ZONEL+50)
i C CHECK FOR THREAT/WEATHER/ESCORT
IF (WX.NE.2.AND.THRT.EQ.1) THEN
CALL FTRCHK(ZONE,CHKTIM,FTRPLG)
! IF (WIFLC.Z0.0) THEN
b IF (WX.EQ.1.AND.FTRFLG.EQ.0) WXFLGul
i IF (WX.CE.3.AND.FTRFLG.EQ.1) WIFLGsl
o IF (WX.GE.3.AND.FTRFLG.EQ.0) WXFLGs2
ENDIY
IF (WXPLG.EQ.1) THEN
IF (WX.GE.3.AND.FTRFLG.EQ.0) WXFLGs?

T ey
b m— s . e e

ENDIF
i ENDIF
& , C DESTINATION WX CHECK: IF THIS 1S NOT THE LAST ZONE (NEXT VECTOR
@‘} C ENTRY I8 NOT ZERO), BYPASS AND CHECKX NEXT ZONE.

IF (ZONLST(ZPTR+l+1).EQ.0) THEN
€ IF FOG, NEED PRECISION APPROACH
¥ { 1F (W2.EG.4) THEN
" - IF (ALLVI.NE.2) GO TO #¢
"3 ENDIF
C IF LOVW CLOUDS, NEED ANY APPROACH
' IF (WX.30.3) THEN
IF (ALLVI.EQ.0) GO TO o9
ENDIF
IF DEST APPROACH SUITS DEST WX, LEC 18 "SCHEDULABLE®
RETUNN
ENDIF
10 CONTINUE
€ EXIIT BLOCK FOR TERM WX
1) WIPLCeWXFLG+)
RETURN
END

(1]
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SUBROUTINE FTRCHX (ZONE,TCHX, FTRFLG)
GIVEN INPUT OF ZONE AND TIME, RETURNS FTRFLGs0 !F NO ESCORT
OR FTRFLG=] IF ESCORT AVAILABLE. ASSUMES ESCORT AVAILABILITY
WILL BE SIMILAR FROM DAY TO DAY. DATA IS REQUIRED FOR EACH
HOUR AND EACH ZONE FOR ONE DAY (TOTAL 240); 0 « NO ESCORT.
1 s ESCORT AVAILABLE. I!P XX(38)e0, FTRCHK WILL BE 0 FOR ALL
CHECKXS; IF XX(38)sl, ALL CHECKS WILL RETURN !; IF XX(38)=2,
DATA ARRAY WILL BE CONSULTED AND APPROPRIATE VALUE RETURNED.
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV, 1T ,MFA,
MSTOP,NCLNR,NCRDR,NPRNT ,NNRUN,NNSET,NTAPE ,88(100),
SSL(100),TNEXT,TNOV.XX(100)
INTEGER FTRFLG,ZONE,HOUR,FTR(240)

C EXPAND THIS DATA STATEMENT TO USE VARYINC ESCORT FEATURE:
€ FILL IN ZONE 1 (ALL 24 HOURS), THEN ZONE 2 (24 HOURS), ETC.
DATA FTR/240%1/
IF (XX(36).EQ.0) THEN

FTRFLGs0

RETURN
ENDIF
IF (2X(36).EQ.1) THEN

FTRFLG=1

RETURN
EXDIF
HOUR= (AMOD(TCHK,1440.)%24)4+3X¢29)
IF (HOUR.CT.24) HOUR=HOUR-24
IPTRa((ZONE-1)%24)
1P (FTR{IPTR+HOUR).EQ.D) THEN

FTRFLG=0
ELSE

FTRFLG=1
ENDIT
RETURN
END

annOHOonoOn

SUBROUTINE THREAT
C CALLED BY CLOCK AT MIDNIGHT: READS THREAT FOR APPROPRIATE DAY FOR
C EACH ZONE AND SETS CORRESPONDING GLOBAL VARIABLES; CAN STORE DATA
C FOR UP TO T1 DAYS. DAYS ARE "REAL" DAYS BASED ON SIMULATED START
C TIME. USER MUST LOAD THREAT DATA STATEMENT (TOTAL OF 210 ENTRIES).
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV,I1 ,MFA,
MSTOP ,NCLNR ,NCRDR,NPRNT , NNRUN,NNSET ,NTAPE ,88(100) ,S8L(100),
TNEXT,TNOV,XX(108)
INTEGER T(210),DAY
C EXPAND THIS DATA STATEMENT TO USE VARYINC THREAT FEATURE:
C FILL IN IONR 1 (ALL 21 DAYS), THEN IONT 2 (21 DAYS), ETC.
DATA T/210%Q/
DAY=1X(30)
IF (DAY.GT.21) DAYsil
DO 10 Ie1,10
IX(30+1)T((1=-1)2214DAY)
10 CONTINUZ
. RETURN
END
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SUBROUTINE MXMAIN (MAIN BASE MAINTENANCE EVENT) I8 MANDA-
TORY FOR EACH ACFT ON COMPLETION OF MAIN BASE 1 OFFLOAD.
ENGINES, FROPS, AND OTHER SYSTEMS (GEAR, AVIONCS, ETC.) ARE
CHECKED IF ENROUTE ABORTS HAVE INDICATED PROBLEMS WITH THESE
SYSTEMS. ALL THREE SYSTEM CATEGORIES ARE ALSO CHECXED ON A
RANDOM BASIS TO SIMULATE PROBLEMS WHICH WOULD BE DETECTED ON
SHUTDOWN AND THRUFLIGHT INSPECTION AT HOME BASE.

SINCE ALL AIRCRAFT ARE CONSTRAINED TO UNDERGO MAINTENANCE
AND REFUELING ON EACH ARRIVAL AT HOME BASE, EACH AIRCRAFT VILL
BE ASSIGNED A MAINTENANCE/REFUELINC TIME ON PASSAGE THROUGH
THE MAINTENANCE EVENT. ALL AIRCRAFT MUST UNDERGO MINOR .
MAINTENANCE AND REFUELING, AND MAY EXPERIENCE ADDITIONAL :
SYSTEM PROBLEMS IN ONE OR MORE OF THE THREE CATEGORIES LISTED.

FOR ENGINES AND PROPS, A PROBLEM CAN BE RESOLVED IN TWO
WAYS -- MAJOR ASSEMBLY REPLACEMENT (ENGINE/PROP CHANGE) OR
ON-AIRCRAFT REPAIR. [IF REPLACEMENT IS INDICATED, THE
REQUIRED ITEM IS DEDUCTED FROM THE INVENTORY OF AVAILABLE
SPARES; IF THMERE ARE NO MORE SPARES, THE AIRCRAFT MUST GO
NORS AND BE DEADLINED. SINCE THIS MODEL DOES NOT SIMULATE
REPLENISHMENT, NORS AIRCRAFT ARE PERMANENTLY GROUNDED AND
USABLE PARTS ARE CANNIBALIZED AND USED TO REPLENISH SPARE 1

INVENTORIES. (CURRENTLY ONLY ENGINES AND PROPS ARE TRACKED
IN THIS MANNER.) IF THE PART 1S AVAILABLE OR IF ON-AIRCRAFT
MAINTENANCE I8 INDICATED, A REPAIR TIME IS ASSIGNED IN ADDITION
TO THE MINOR MX/REFUELING TINME.
FOR PROBLEMS INDICATED IN THE “OTHER" CATEGORY, PARTS ARE
NOT TRACKED AND AN AIRCRAFT CANNOT BE GROUNDED FOR PROBLENMS
INVOLVING ONLY THESE SYSTEMS. HOWEVER, AN AIRCRAFT CAN BE
PLACED IN DEGRADED (PARTIALLY MISSION CAPABLE, OR PMC) STATUS
IF REPAIRS CANNOT BE EFFECTED. IN THIS MODEL, PROBLEMS IN
THE "OTHER" SYSTEM GROUPINC ARE HANDLED ON A FIX-NOW OR FIX-LATER
BASIS. ONCE THE PROBLEM IS8 INDICATED (EITHER BY ABORT OR RANDOM
SAMPLING) IT I8 EITHER FIXED OR NOT FIXED; IF FIXED, AN ADDITIONAL
REPAIR TINE 1S ASSIGNED AND THE AIRCRAFT AGAIN BECOMES FULLY
MISSION CAPABLE (FMC). IF NOT FIXED, A SMALL "TROUBLESHOOTINGC®
TIME I8 ASSICNED AND THE AIRCRAFT 18 RELEASED BACK INTO THE
SYSTEM IN A DEGRADED STATUS (ATRIB(2)=2). EACH TIME A PMC
AIRCRAFT PASSES THROUGH MAINTENANCE, IT 18 AUTOMATICALLY ROUTED
THROUGH THE FIX/NO-FIX ROUTINE AND ONCE AGAIN MAY OR MAY NOT BL
REPAIRED. PMC AIRCRAFT ARE ALSO GIVEN A 350-30 CHANCE TO RETURN
TO MAINTENANCE FROM SCHED IF NOT SCHEDULED FOR A MISSION.
(IN THI8S WAY, PMC AIRCRAFT CAN RETURN TO FMC STATUS).
NOTE: IF AN AIRCRAFT HAS A PROBLEM VITH ENGINES OR PROPS, ANY
PREVIOUS PROBLEMS IN THE “OTHER" CATEGORY ARE CONSIDERED FIXED
AT THE SAME TIME A8 THE ENCINE OR PROF PROBLEM, THUS RETURNINC
THE AIRCRAFT TO FMC STATUS UNLESS MORE "OTHER" CATEGORY PROBLENS
ARE SUBSEQUENTLY "DISCOVERED™ BY THE RANDOM SELECTION PROCESS. ‘
REFUELING TIME 18 ADDED TO ANY MAINTENANCE SERVICE TINME; b
OFFLOAD, MAINTENANCE, AND REFUELINC OPERATIONS MAY NOT BE | 3
CONCURRENT, ALTHOUCH ANY NUMBER OF AIRCRAPT MAY BE SERVICED
SIMULTANEOUSLY IN ANY ACTIVITY. THE RANDOM PROBABILITY OF A
MAJOR SYSTEM PROBLEM (IF SUCH A PROBLEM IS NOT ALREADY INDICATED
BY PREVIOUS ABORT STATUS) 18 13%, BROKEN DOWN INTO 4% EACH FOR
ENGINES AND PROPS AND 7% FOR "OTHER™. THE PROBABILITY OF
REPLACEMENT FOR ENGINES AND PROPS (GIVEN A PROBLEN) IS 10%
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C FOR EACH. PROBABILITY OF REPAIR FOR A PROBLEM IN “OTHER™ .
C SYSTEMS (GIVEN A PROBLEM) IS 50%. '

|
&

c
C VARIABLES:
c AC40) REAL AIRCRAFT ATRIBS
c NACFT INT ACFT ID NUMBER
c CNDTIN REAL TIME SINCE ARRIVINC IN
= c OFFLOAD AREA
f[ c FIXTIN REAL CUMULATIVE REPAIR AND
- c REFUEL TINME
i c FUEL REAL FUEL USED
» c 21.X2,13,
j c Z1,22,23 REAL RANDOM VARIATES
c

SUBROUTINE MIMAIN
COMMON/SCOM1/ ATRIB(100),DDC100),DDL(100),DTNOV,II ,NFA,
MSTOP,NCLNR ,NCRDR,NPRNT ,NNRUN ,NNSET ,NTAPE,S885(100),
88L(100),TNEXT,TNOV,ZX(100)
REAL A(40)
NACFT=ATRIB(S)
C CHECK FOR MISSION COMPLETION (MISSION I8 COMPLETE AT HOME BASE
C ON COMPLETION OF OFFLOAD AND PRIOR TO BEGCINNINGC OF MX TIME)
IF (ATRIB(37).EG.0) ATRIB(37)=808089

L e iiias T
' .

T

t IF (ATRIB(23) .EQ.0) CALL MTRACE(14)
{ C SET A=ATRIB FOR CONVENIENCE
‘ DO S 1=1,40

! A(1)=ATREID(D)

4 3 CONTINUE

C ALL ACFT REGUIRE MINOR MX (5 TO 32 MIN}
AC17)=UNPRM(S. ,h30. .1}
GNDTIM=TNOW-A(4) -
X1=UNFRM(CO.,100.,1)
IZ=UNFRM(0.,100.,1)
X3=UNPRM(0.,100..,0)
Z1=UNFRM(D. ,100.,1)
ZZ«UNFRM(O.,100..1)
Z3=UNFRM(O0.,100.,1)
€ CHECKX ENGINES IF AlS8=3 (ABORTED FOR ENCGINE)

’
IP (AC18) . EQ.3.0R.X1.LE.4) THIN
¢ NOT VINTER
IF (XX(31).NE.3) THEN

c IF ENGINE CHANGE, CHECX ENGCINES IN STOCKX;
- IF (Z1.LE.10) THEN

c IF NONE IN STOCK, PRINT NORS MSC AND CAN GOOD FARTS

IF (XX(3).RQ.0) THEN .

IF (XX(88).GE.1) PRINT 3000, TNOVW,NACFT
XI(3)sXX(3) 9
IZ(4)=2X(4) 4
GO TO #%0
ENDIF
c IF ENG AVAIL, DECR STOCK, SET FIXTIM, PRINT MSC
IZ(3)=XX(3) -1 .
¥ FIXTIM«TRIAG(220.,240.,480.,1)
e IP (XX(989).GE.1) PRINT 3001,TNOV,IX(3),FIXTIM, NACFT
A(LI7)sA(17)+FIXTIN
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ELSE
FOR NON-ENGINE CHANGE, SET FIXTIN

FIXTIMsTRIAG(OD.,30.,120.,.1)
ACIT)=A(LIT)SFIXTINM

ENDIF

ENDIF
REPEAT FOR WINTER (LONGER REPAIR TINMES)

IF (XX(31).EQ.3) THEN
IF ENGINE CHANGE, CHECK ENGINES IN STOCK:

IF ¢(Z1.LT.10) THEN
If NONE IN STOCK, PRINT NORS MSG AND CAN GOQD PARTS

IF ¢IX(3).EQG.0) THEN
IF (3X(9%).GE. 1) PRINT 3000,TNOV,.NACFT

IX(3)2XX(3) 2

IX(4)=XX(4)+4
CO TO 599
ENDIF
IF ENG AVAIL, DECR STOCK, SET FIXTIM, PRINT MSC
IX{3)aXX(3)=1
FPIXTIMsTRIAG(120.,380.,720.,1)
IF (XX(99) .GE.1) PRINT 3001,TNOV,XX(3),FIXTIM,NACIT
A(17)=A(17)+FIZTIN
ELSE
c FOR NON-ENGINE CHANGE, SET FIITIM
FIXTIMsTRIAG(O.,40.,210.,1)
AC17)=sAC1T)+FIXTINM
ENDIF
ENDIF
R(2)=]
ENDLIF

€ REPEAT FOR PROPS
IF (A(16).EQ.4 . OR.XZ.LE.4) THEN

c NON-WINTERTIME
IF (XX(31).NE.3) THEN
c IF PROP CHANGE, CHECK PROPE IN STOCK;

IF (Z2.LT.10) THEN
IF NONE IN STOCK, PRINT NORS MSG AND CAN GOOD PARTS

IF (2X(4).EQ.0) THEN
IF (ZX(99).GE.1) PRINT 4000,TNOW,NACFT
ZX(3)=XX(3) o4
IX(4)nXX(4) 3
GO TO ?9¢
ENDIF
¢ 1F PROP AVAIL, DECR STOCK, SET FIXTIM, PRINT MSC
IX(4)sXX(4) -1
FIITIM=TRIAG(120.,240.,480.,1)
IF (XX(99).GR.1) PRINT 4001, TNOW,XX(4) FIXTIM NACFT
AC1T)eA(1T)+FIXTIN

ELSE
c FOR NON-PROP CHANGE, SET FIITINM

FIXTIMsTRIAG(O.,30.,120.,0)
ACLTIA(LT)FIXTIN
ENDIP

ENDIF
c REPEAT FOR VINTER
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IF (XX(31).EQ.3) THEN

c IF PROP CHANGE, CHECX PROPS IN STOCK;
IF ¢(XI1.LT.10) THEX
¢ IF NONE IN STOCX, PRINT NORS MSGC AND CAN GOOD PARTS

IF (IX(4).EQ.0) THEN
IF (XX(898).GE.1) PRINT 4000,TNOW,NACET
IX(3)8XX(3) ¢4
EX(4)=IX(4)+3
GO TO 894
ENDIF
' c IF PROP AVAIL, DECR STOCK, SET FIXTIM, PRINT M8G
o IX(4)nXX(4) =]
| FIXTIM=TRIAG(120.,360.,720.,1)
‘ IF (X2(99).GE.1) PRINT 4001,TNOV,XX(4) ,FIXTIM,NACFT

_ . AC1T)=AC1T)+FIXTIN
} ELSE
| c FOR NON-PROP CHANGE, SET FIXTINM
FIXTIM«TRIAG(O.,40.,210.,1)
AC17)=AC1T)+FIXTIN
j ENDIF
g ENDIF
L . A(2)sl
. ENDIF

€ CHECX FOR OTHER SYSTEMS
IF (A(18) EQ.5 . OR.A(2).EQ.2.0R.X3.LE.7) THEN

c NON-WINTERTIME
! IF (XX<31) .NE.3) THEN
i c REPAIR POSTPONED; ACFT TO DEGCRADED STATUS
i

IF (Z3.LE.S50) THEN
FIXTIM=TRIAG(D.,20.,40.,1)
A(2)=m2

‘ A(lT)=AC1T)+FIXTIN

|

c REPAIR NOW; ACFT RETURNED TO FMC STATUS
ELSE
PIITIM=TRIAG(1S.,680.,120.,1)
A(2)=l
' A(17)=A(17)+FIXTINM
! ENDIF
; , c WINTERTIME
| ELSE
J c REPAIR POSTPONED; ACFT TO DEGRADED STATUS
‘, 1P (Z3.LE.S0) THEX

FIXTIM=TRIAG(0.,40.,80..1) :
A(2)s2 3
AC17)=AC1T)+FIXTIN
! ¢ REPAIR NOV; ACFT RETURNED TO FMC STATVS
: ELSE
[ FIXTIMsTRIAG(30.,120.,240.,1)
" Al2) sl :

- AC17)=A(1T)+PIZTIN

[ ’ ENDIF

3 ENDIF

3 ENDIF

1 C REPUEL BASED ON FURL BURN RATE OF 4800 LBS/HR (75 LBS/MIN) AND
E C REFUEL RATE OF 1200 LBS/MIN VITH 10 MIN CONN/DISCONN TINME
L
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C ALL ACFT LEAVE HOME BASE WITH 50600 LBS/11 HRS FUEL.
FUELsA(3)*7S
CALL COLCT(FVUEL.1)
CALL COLCT(A(3),2)
AC17)sA(17)+10+FUEL/1200
C UPDATE TOTAL ACFT FLY TIME (FOR UTILIZATION RATE STATISTICS);
C RESET MSN FLY TIME, ACPT BEGIN-MX MARK TIME, ROUTINC SVITCH,
C AND ABORT SYSTEM (MIFAIL) FLAG.
A(S)=A(S)+A(D)
A(3)esl
IF CAC168).EQ.100) A(l)=TNOW
ACll) =0
A(18) =}
A(l8) =0
C CHANGCE A TO ATRIB
DO 20 I=1,40
ATRIB(1)=sA(])
20 CONTINUE
RETURN
C FOR NORS ACFT, SET SWITCH TO RETURN CREV TO CREV REST, ACFT TO
C DEAD FILE; DECREMENT ACFT IN SYSTEM
(1 3] AC16) =0
DO 1000 I=l,40
ATRIBC(1)=A(])
1000 CONTINUE
X(1)=XX(1)=-1
C TP NORS ACFT MSN NOT COMPLETE, ENTER CONTINUVATION MISSION
IF CATRIB(23).GE.1) THEN
ATRIB(Z1)sAMAX1(ATRIB(21) ,ATRIB(22) ,ATRIB(2S))
CALL RESCH
ENDIF
RETURN
3000 FORMAT (1X,F7.1,' ACFT NORS POR ENGINE -- ACFT® ',12)
3001 FORMAT (1X,F7.1,' ENGINE CHANGE, ',F3.0,' REMAINING, ',
* FIITIN=',FS5.0,' ACFTS ',12)
4000 PORMAT (1X,F7.1,' ACFT NORS FOR PROPS -- ACFTS® ',ID)
4001 FORMAT (1X,F7.1,' PROP CHANGCE, *,F3.0.,' REMAINING,',
* FIXTIM=' ,FS5.0,° ACFTS® ' ,1I2)
END
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SUBROUTINE RESCUE HANDLES AIRCRAFT GROUNDED ENROVUTE.

MANY C-130 ENGINE AND PROPELLER PROBLEMS OCCUR ON ENGINE
SRUTDOWN OR START. FOR THIS REASON, SHUTDOWN FOR OFFLOAD
OR ONLCAD AT ISOLATED BASES WITH AUSTERE FACILITIES I8
NORMALLY DISCOURAGED, PARTICULARLY IF GROUND TIMES CAN

BE XEPT REASONABLE (LESS THAN 30 TO 45 MINUTES). THIS
PROBLEM IS AGGRAVATED IN COLD WEATHER WHEN ENGCINES/PROPS/
HYDRAULICS ARE SHUT DOWN LONG ENOUGH TO BECOME COLD-SOAXED.
IF PROBLEMS ARE SEVERE ENOUGH, THE AIRPLANE MAY BE GROUNDED
AND MAY REQUIRE MAINTENANCE FROM HOME BASE, WHICH IN TURN
USUALLY REQUIRES THAT A SPECIAL MISSION BE GENERATED; SUCH
MISSIONS ARE COMMONLY KNOWN AS “RESCUE“ MISSIONS. PROBLEMS ?

NOT SERIOUS ENOUGH FOR GROUNDING MAY REQUIRE THAT THE AIR-
CRAFT BE ABORTED TO KHOME BASE, OR MAY SIMPLY RESULT IN
EXTRA DELAY FOR TROUBLESHOOTING AND POSSIBLY A QUICK FIX
BY THE CREV.

THIS MODEL ASSUMES THAT ENGINES ARE SHUT DOWN IF GROUND
TIME EXCEEDS 45 MINUTES. THE AIRCRAFT RUNS A RISK OF TROUBLE
ON BOTH SHUTDOWN AND START, WITH DIFFERING PROBABILITIES FOR
EACH SITUATION AND FOR WINTER AND NON-WINTER CONDITIONS.

IF THE PROBLEMS DO NOT REQUIRE ABORT OR GROUNDING, THE AIR-
CRAFT IS SIMPLY DELAYED BEFORE RESUMINC ITS SCHEDULED MISSION.
IF THE PROBLEMS DO NQT REQUIRE GROUNDING BUT DO REQUIRE AN
ABORT TO HOME BASE, THE AIRCRAFT I3 BOTH DELAYED AND REROUTED
DIRECTLY HOME.

AN ABORTING AIRCRAFT WILL COMPLETE OFFLOAD (IF ANY), BUT
VILL NOT ONLOAD UNLESS THE LOAD IS FOR HOME BASE. 1IF THE
AIRCRAFT 1S ALREADY LOADED (NORMALLY THE CASE FOR START
PROBLEMS) THE LOAD I8 KEPT ON BOARD -- EXPERIENCE HAS PROVEN
THAT MISSIONS CAN USUALLY BE REROUTED MORE EFFICIENTLY FROM
HOME BASE, AND THAT A PROBLEMS ALLOWING TAKEOFF RARELY REQUIRE
THAT THE AIRCRAFT BE EMPTY. (HOWEVER, THE MODEL ASSUMES THAT
THE ABORTING AIRCRAFT WILL REQUIRE MAINTENANCE AT HOME BASE,
AND ACCORDINCLY CAUSES ALL ABORTING AIRCRAFT TO BE DOWN
LOADED AT HOME BASE.) IF THE AIRCRAFT HAS NOT BEGUN LOADING
(PROBLEMS OCCURING ON SHUTDOWN)

IF THE AIRCRAFT [S3 GROUNDED, IT IS FIRST DOWNLOADED (VITH
A 30-MINUTE DELAY TO SIMULATE THE NORMAL UNCERTAINTY EXISTING
BEFORE DECIDING THAT THE AIRPLANE I8 INCAPABLE OF FLIGHT).
AFTER DOWNLOADING., A RESCUE MISSION IS REQUESTED FROM HOME
BASE. ON ARRIVAL OF THE RESCUE MISSION, THE “RESCUER” OFF-
LOADS THE MAINTENANCE LOAD AND BECOMES FREE FOR SCHNEDULING.
THE "RESCUEE"C THEN BEGINS TO MAKE REPAIRS (WHICH ARE USUALLY
LENGTHY, PARTICULARLY IN WINTER). ON COMPLETION OF REPAIRS,
THE REPAIRED AIRCRAFT RETURNS TO HOME BASE WITH THE MAINTEN-
ANCE PACKAGE ON BOARD.

IN THIS MODEL. SUBROUTINE CONTIN CHECXS FOR SHUTDOWN
PROBLEMS AND SUBROUTINR RESTRT CHECXS FOR START PROBLEMS;

SEE CONTIN AND RESTRT POR CONDITIONS AND PERCENTACES USED.
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VARIABLES:
! Loc INT CURRENT ACFT LOCATION
' NACFT INT ACFT ID NUMBER
A(4D) REAL ATRIBS FOR RESCUE MISSION

e s N s e N N s I e N e B N e N s A s N e N s G s s N s I s I e s N I s N e I s N A s B s e N s B s Ny I s I e I s I B s I s s B s I s I e I e B s B e BN B B s R B e BN e B s B o ]

181

e At S T

N ST A TR 5 SN TP SO, o -




SUBROUTINE RESCUE
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOW, 11 ,MFA,
MSTOP,NCLNR,NCRDR,NPRNT , NNRUN,NNSET ,NTAPE,38(100),
SSL(100), TNEXT,TNOW, XX(100)
REAL A(40)
LOC=ATRIB(1S)
NACFTsATRIB(9)
C NEWLY GROUNDED AIRCRAFT HAS COMPLETED OFFLOAD; RETURN
! € MISSION TO CURRENT BASE MISSION FILE FOR PICXUP BY
! C OTHER AIRCRAFT.
. IF (XX(88).CE.1) PRINT 3000, TNOW,NINT(ATRIB(37)),LOC,
‘ ATRIB(18) ,NACFT
IF (ATRIBC16).NE.1) THEN
IF (ATRIB(11).EQ.1) THEN
CALL RESCH
i ATRIB(37)=30000+LOC*1000+XX(¢30)%100+XX(286)
ENDIF
€ SET UP AND REQUEST RESCUE MISSION
- DO 10 I=1,40
ACl)al
CONTINUE
AL1) =TNOV
IF (LOC.CE.4&) A(2)sl
IF (LOC.LE.3) A(2)a2
A(3)2985000+L0C*1000+XX(30)%100+X2(26)
A{4)=2
A(3)=0
. A(20) sl
A(21)=8
A(22)=8
A(23)sLOC
CALL SCHDL(Z,0..A)
IF (XX(88).GE.1) PRINT 1000, TNOW NINT(A(3)),
NINT(ATRIB(37)),LOC,NACFT
c aour: ATRCRAET TO AWAIT-RESCUE LOOP
ATRIB(19)sl
ATRIB(16)sl
; RETURN
ENDIF
C RESCUED AIRCRAFT BEGINS REPAIRS; SET REPAIR TIME, LOAD
C AIRCRAFT VITH MAINTENANCE PACKAGE, AND ROUTE TO HOME
C BASE.
IF (ATRIB(18).EQ.1)

-—— b a.aa

THEN

- -
.

IF (IX(31).NE.3)

IF (ATRIB(18®)

ELSE

- IF (ATRIB(18).

R bt T PRI

“ IF (ATRIB(18).
IF (ATRIB(18).

.EQ. 5

IF (ATRIB(18).

THEN

EG.3) ATRIB(17)=
TRIAG(240.

EQ.4) ATRIB(1T)s
TRIAG(180.

ATRIB(1T)=
TRIAG(180.

EQ.3) ATRIB(17)s
TRIAG(380.

EQ.4) ATRIB(17)s

TRIAG(240.,720.
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IF (ATRIB(18).20.5) ATRIB(17)s
TRIAG(240.,480.,720.,1)

ENDIF
IF (XX¢(98) GE.1) PRINT 2000, TNOW,LOC,
ATRIB(17) ,NACFT
ATRIB(11)s2
ATRIB(12)=LOC
ATRIB(13)s8
ATRIB(14)=8
ATRIB(i3)sl
ATRIB(19)s0
RETURN
ENDIF
1000 FORMAT(1X,F7.1,' RESCUE MSN ',15,' INPUT FOR MSN ', |
: I3," AT BASE ',11,*' ACFT® ', I}
1000 FORHAT(I! F7.1,' RESCUE MS8N OFFLOADED AT BASE ',11,
' -= FIXTIM=',F35.0,' ACETS ',I2)
3000 FORHAT(l! F7.1,' MSN ',15,' AVAITING RESCUE AT ',I1,
' ~- MXFAIL=',F2.0, ACETS® ',12)
312343 7 RESCUE MSN 87123 INPUT FOR M8N 12345 AT BASE 5 ACFTS 12
€12343.7 RESCUE MSN OFFLOADED AT BASE S -- FIXTIN=1234. ACFTS
€12243.7 MSN 12343 AWAITING RESCUE AT 3 -- MXFAILs3 ACFTS ¢
END
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WHEN EACH AIRCRAFT HAS COMPLETED THE ARRIVAL CYCLE AT
A BASE, IT IS ROUTED TO CONTIN, WHICH CHECKS FOR MORE
LEGS TO BE FLOWN:

IF MORE LEGS, ALL LEG DATA IS SHIFTED DOWN, SO THAT

CURRENT LEG DATA I8 REPLACED BY NEXT LEG DATA, ETC.
AS THE MISSION DATA 18 SHIFTED DOWN, VACATED LEG DATA
SLOTS ARE FILLED VWITH ZEROS. WVITH ATTRIBUTES ADJUSTED,
THE AIRCRAFT IS ROUTED TO THE DEPARTURE CYCLE FOR ITS
CURRENT LOCATION.

IF NO MORE LEGS (NEXT DESTINATION IS ZERO), THE
AIRCRAFT HAS COMPLETED ITS ASSICNED MISSION AND I8
AVAILABLE FOR RESCHEDULING. MISSION ATTRIBUTES ARE
“CLEANED UP" AND THE AIRCRAFT IS ROUTED TO THE
SCHEDULER.

SBEFORE ANY MISSION CONTINUATION CHECKS ARE MADE,
HOVEVER, MAINTENANCE CHECKS ARE MADE. FIRST, NON-ENGINE/
PROP SYSTEMS (“OTHER" SYSTEMS) ARE CHECKED. NEXT, A
CHECX I8 MADE TO SEE IF THE AIRCRAFT COULD BE EXPECTED
TO SHUT DOWN ENGINES. IF GROUND TIME FOR OFFLOAD HAS
ALREADY EXCEEDED 30 MINUTES, OR IF AN ONLOAD I8 SCHEDULED,
OR IF THE AIRCRAFT HAS FINISHED ITS MISSIONS BUT MISSIONS
ARE VAITING AT THE CURRENT BASE, THEN THE AIRCRAFT
IS ASSUMED TO HAVE SHUT DOWN ENGINES, WITH A RISK OF
PROBLEMS ON SHUTDOWN (THE MODEL ASSUMES THAT EITHER
ENGINES OR PROPS MAY MAVE PROBLEMS, BUT NOT BOTH).

FOR SHUTDOWN PROBLEMS, THE MODEL ASSUMES THAT ENGINES
AND PROPS ARE AT OPERATING TEMPERATURE VHEN SHUT DOWN,
AND S0 DOES NOT DIFFERENTIATE BETVEEN SUMMER AND WINTER.
(FOR ENGINE START (SEE RESTRT) WINTER AND NON-WINTER
AMBIENT TEMPERATURES ARE TAKEN INTO ACCOUNT, SINCE
PROPULSION SYSTEMS VILL HAVE HAD A CHANCE TO COOL DOWN,
AND PERHAPS TO BECOME COLD-SOAXED.

IT IS ASSBUMED THAT AIRCRAFT WOULD BE ABLE TO
OFFLOAD CARGO EVEN VITH PROPULSION PROBLEMS, BUT THAT
ONLOAD OR RESCHEDULING WOULD PROBABLY BE DELAYED
UNTIL THE NATURE OF PROBLEM IS DIACNOSED AND ANY
NECESSARY REPAIRS ARE MADE. IF PROBLEMS ARE SERIQUS
ENOUGH TO REQUIRE THE AIRCRAFT TO RETURN HOME, ONLOADS
ARE CANCELLED AND ANY CARGO REMAINING ON THE AIRCRAFT
INTENDED FOR SUBSEQUENT BASES I8 RETURNED TO THE MAIN
BASE IN AN ABORTED-MISSION STATUS. IN ANY CASE, A
MAINTENANCE PROBLEM REQUIRES SOME TIME TO DIAGNOSE AND/
OR REPAIR, AND ROUTINC TO THE SCHEDULER OR TO TKE
DEPARTURE PHASE WILL BE APPROPRIATELY DELAYED.

IF PROBLEMS ARE SERIOUS ENQUGH TO GROUND THE AIRCRAFT
AT AN ENROUTE BASE, THE "RESCUE" SEQUENCE I8 INITIATED
(SEE DISCUSSION UNDER SUBROUTINE RESCUE). GROUNDING
I8 NOT ALLOWED AT BASE 4 OR 5.

VARIABLES:
NACFT INT ACFT 1D NUMBER
MSN INT MISSION NUMBER
LoC INT CURRENT ACET LOCATION
CNDTINM REAL TIME SINCE ARRIVAL IN
OFFLOAD AREA
X, I1, T1 REAL RANDOM VARIATES
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SUBROUTINE CONTIN

COMMON/SCOMY/ ATRIB(100),DD¢100),DDLC¢100),DTNOV,11 ,MPA,
MSTOP  NCLNR ,NCRDR,NPRNT ,NNRUN NNSET NTAPE,S88(100),
88L(100), TNEXT,TNOW, XX(100)

NACETsATRIB(9)

MSNsATRIB(3I7)

C IF AIRDROP (BASE 4 OR 5 ONLY) SHIFT ATTRIBUTES AND ROUTE TO

C ENROVUTE.
IF (ATRIB(14).EQ.5.OR.ATRIB(14).EQ.(§)) THEN

IF (ATRIB(13).GE.4) THEN
ATR1B(11)=0
ATRIB(12)=ATRIB(13)
ATRIB(13)a7
ATRIB(14)=7
ATRIB(13)=]
ATRIB(18)sl]
ATRIB(17)=10
ATRIB(20) el
DO 10 K=21,3¢
ATRIB(X) =0
10 CONTINVE
ATRIB(40)=2
IF (XX(88).GE.1) PRINT 1000,TNOW MSN,
NINT(ATRIB(12)) ,NACFT
CALL MTRACE(2)
RETURN
BENDIF
ENDIF
1000 FORMAT(1X,F7.1,' MSN ',I35,' AIRDROP COMPLETE AT °',I1,
: ' ACETH® ', 12)
C NON-AIRDROP MISSIONS; FIRST CHECX MAINTENANCE PROBLEMS
LOCsATRIB(13) :
ATRIB(17)=0
C MX CHECKX NOT PERFORMED AT HOME BASE -- RECULAR MIX
€ ROUTINE TAKES TRI8 INTO ACCOUNT
IF (LOC.EQ.1) GO TO 300
€ CHECK FOR “OTHER™ SYSTENM PROBLEMS; IF A MAX-EFFORT’
C LANDING HAS BEEN MADE, POSS8I!BLE BRAKE/GEAR/TIRE PROBLENMS
C RESULT IN A MIGHER PROBABILITY OF DIFFICULTY.
L1=UNFRM(O0.,100..,1)
Z1=UNFRM(O.,100..0)
C CHECK FOR MAX-EFFORT PROBLEMS
IF (LOC.GEZ.4) THEN
C DELAY ONLY
IF (X1.LT.3) ATRIB(17)eTRIAG(D.,15.,30..1)
C ABORT TO HOME BASE (FLYABLEZ) PLUS DELAY
IF <X1.GT.98) THEN

ATRIB(18)s3
ATRIB(17)sTRIAG(D.,20.,40.,1)
GO TO 500
ENDIF
ENDIF

C CHECK FOR NON-MAX-EFFORT PROBLENS
IF (LOC.LE.3) THEN
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DELAY ONLY
IF (X1.LT.2.3) ATRIB(17)sTRIAG(O.,15.,30.,1)
ABORT TO HOME BASE (FLYABLE) PLUS DELAY
IF (X1.GT.99) THEN
ATRIB(18)al
ATRIB(17)=TRIAG(O0.,20.,40.,1)
GO TO 500
ENDIF
ENDIF
CHECK FOR ENGINE SHUTDOWN
GNDTIMsTNOW-ATRIB(4)
IF (GNDTIM.LT.30 . AND.ATRIB(21).LE.2) THEN
IF (ATRIB(Z23).NE.0C.OR.NNQ(LOC).EQ.0) GO TO 300
ENDIF
CHECK ENGINES AND PROPS FOR SHUTDOWN PROBLEMS (TOTAL
PROB OF DIFFICULTY I8 3W)
CHECK ENGINES (TOTAL PROB 3%)
X=UNFRM(0.,100..1)
DELAY ONLY (2.23%)
IF (X.LE.2.25) ATRIB(17)=TRIAG(O.,15.,30.,1)
GROUNDING PROBLEM (0.23%)
IF (X.GT.89 .75 AND.LOC.LE.3) THEN
ATRIB(18)s=3
CO TO 700
ENDIF
ABORT TO HOME BASE (FLYABLE) (0.73W)
IF (X.GT.89) THEN
ATRIB(17)=TRIAG(O.,15.,30.,.1)
ATRIB(18)=3
GO TQ 500
ENDIF
SAME SEQUENCE FOR PRCPS (TOTAL PROB %)
X=UNFRM(¢0.,100..1)
DELAY ONLY ¢1.213W)
IF (X.LE.1.25) ATRIB(IT)sTRIAG(D.,15.,30.,1)
CROUNDING PROBLEM (0.235W)
IF (X.GT.98.73 .AND.LOC.LE.3) THEN
ATRIB(108)24
¢O0 TQ 700
ENDIZ
ABORT TO HOME BASE (FLYABLE) (0.5%)
IF (X.GT.98.35) THEN
ATRIB(17)=TRIAG(O.,15.,30.,1)
ATRIB(18)=4
GO TO 500
END1Y
CHECK FOR MISSION CONTINUATION; IF NEIT DEST«d, MSN COMPLETE --
ROUTE TC SCHEDULER WITH "CLEAN SLATE”. IF MISSION 18 CONPLETE
CALL MTRACE(14) TO PRINT MISSION COMPLETION MESSAGE. (NOTE:
MSN COMPLETION AT HOME BASE I8 CHECKXED AT BICINNINC OF MIMAIN,
IMMEDIATELY ON COMPLETION OF OFFLOAD.)
00 ATRIB(12)=ATRIB(1S)
IF (ATRIB(23).EQ.0) THIN
IF (LOC.NE.1) CALL MTRACE(14)
DO 20 1=16,40
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C IF MISSION NOT COMPLETE, SHIFT ALL MISSION DATA DOWN ONE LEGC

ATRIR(I) =0
CONTINUE
ATRIB(13)s=0
ATRIB(14) a0
ATRIB(1&)a0
RETURN

ENDIPF

C AND ROUTE TO DEPARTURE.

3

i1

c
c
c
c
c
c

ATRIB(13)sATRIB(2L)
ATRIB(14)sATRIB(22)
ATRIB(1S)=ATRIB(23)
DO 30 I1=20,29
ATRIB(1)=ATRIB(1+3)
CONTINVE
DO 31 1=30,32
ATRIB(()s=0
CONTINUVE
ATRIB(18)sl
CALL MTRACE(2)
RETURN
ABORTS TO HOME BASE
ABORT CODE (ATRIB(1l))= 1 LOADED, NON-HOME MSN
2 EMPTY
3 LOADED, THROUGH-HOME MSN
4 LOADED, END~-HOME MSN
1F MISSION COMPLETE, CALL MTRACE(14)

300 ATRIB(2)s=3

o0 n

acon

ATRIB(11)=1
IF C(ATRIB(23).E0.0) THEN
CALL MTRACE(1#)
ATRIB(11)=2
ATRIB(13)=0
ATRIB(14)=0
ATRIB(37)=T70000+LOC*1000+XX(30)*2100+22(28)
GO TO 693
ENDIF
1F SCHEDULED TO BEGIN MISSION AT CURRENT BASK BUT
HAVE ABORTED, CANCEL ONLOAD AND RETURN INTENDED
MISSION TO MISSION FILE (SPECIAL CASE: MISSIONS
INTENDED TO RETURN TO OR THROUGH HOME BASR CAN B%
LOADED) .
IF (ATRIB(13).EQ.0.AND.ATRIB(14).8Q.0) THEN
I? (ATRIBC(23).GX.2) THER
1P (XX(98).CE.1) PRINT 2000, TNOV,
NINT(ATRIN(37)) ,LOC,NACFT
CALL RESCH
ATRIB(3T)=T00004L0C*1000+XX(30)2100+XR(28)
GO TO 698
ENDLIY
INDIF
FOR MISSIONS ALREADY SCHEDULED TO GO TO HOME BASE
WHICH ABORT, SHIFT LEC INFO AS FOR NORMAL MISSION,
BUT SET ABORT FLAG (All) TO 3 IF MORE STOPS AFTER
HOME AND 4 IF MISSION WAS TO TERMINATE AT HOME.
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C (THROQUGH-HOME MISBSIONS WILL BE COMPLETELY OFFLOADED

C AND RE-ENTERED AT HOME, SINCE THE AIRCRAFT 18

C ASSUMED TO BE IN NEED OF MAINTENANCE).

00 IF (ATRIB(Z23).EQ.1) THEN
ATRIB(13)sATRIB(2])
ATRIB(14)=AMAX1CATRIB(Z1) ,ATRIB(22) ,ATRIB(25))
DO 601 KXs=20.29

ATRIB(X) =ATRIB(K+ 3)
601 CONTINUE
DO 802 K=30,32
ATRIB(K)=0
802 CONTINUE

IF (ATRIB(23).GE.2) THEN
ATRIB(21)=AMAX1(ATRIB(21) ,ATRIB(22),ATRIB(2S))
ATRIB(11) =3
ELSE
ATRIB(11)s4
ENDIF
GO TO 9%
ENDIF
C IP IN MID-MISSION, LEAVE CARGO FOR SUBSEQUENT BASES
C ON ACFT, BUT RESTRUCTURE ATTRIBUTES FOR OFFLOAD AND
C RE-ENTRY OF MISSION AT HOME BASE. (ASSUME OFFLOAD
C FOR CURRENT BASE COMPLETED AS PLANNED.)
ATRIB(13)=AMAZ1(ATRIB(13),ATRIB(21),ATRIB(22))
ATRIB(14)«ATRIB(13)
ATRIB(11)sl
ATRIB(20)=l
689  ATRIB(12)=ATRIB(135)
ATRIB(15)sl
ATRIB(16)=1
IF (EX(98).GE.1) PRINT 2000, TNOW,NINT(ATRIB(37)),L0C,NACFT
CALL MTRACE(10)
RETURN
C IF AIRCRAPT 13 GROUNDED, SET UP MISSION ATTRIBUTES FOR
C OFFLOAD AT CURRENT BASE AND REENTRY INTO MISSION PILE.
700 ATRIB(17)s0
ATRIB(2)=3
ATRIB(18)a09
€ CHECK POR EMPTY AIRCRAFT (MISSION COMPLETED)
IP (ATRIB(23).EQ.0) THEN
IF (ATRIB(13).GT.0.OR.ATRIB(14).GT.0) CALL MTRACE(14)
ATRIB(11)s1
ATRIB(13)=0
_ATRIB(14)s0
ATRIB(37)=70000+LOC*1000+X3(30)%100+3X(28)
IF (XX(90).GE.1) PRINT 3000, TNOW,NINT(ATRIB(37)),L0C,

NACFET
CALL MTRACE(®)
RETURN
ENDI?

C CHECK FOR POSITION LEG, ABORTING BEFORE MISSION CAN
C BE PICKED UP (INTENDED MISSION IMMEDIATELY AVAILABLE
C FOR PICKUP BY ANOTHER AIRCRAFT).

TP CATRIBC(13).EQ.0.AND.ATRIDC(14) .EQ.0) THEN
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IF (XX(98).GE.1) PRINT 3000,TNOW NINTC(ATRIB(37)),L0C,
NACFT

CALL RESCH

ATRIB(11)s2

ATRIB(3I7)=70000+LQC*1000+XX(30)*100+X2(28)

CALL MTRACE(H)

RETURN

ENDIF

C IF NONE OF THE ABOVE., CARGO MUST BE OFFLOADED

2000

END

ATRIBC(14)sAMAXI(ATRIB(23) ,ATRID(22))

ATRIB(21)sATRIB(14)

ATRIBC(11)=]

IF (XX(88) .GE.1) PRINT 3000, TNOW,NINTC(ATRIB(37)),L0C,NACFT

ATRIB(37)=70000+L0C220004+XXC30)*100+XX(28)
CALL MTRACE(®)

RETURN
FORMAT (1X,F7.1,' M8N ‘' ,15,' GND ABORTED (SHUTDOWN) AT ‘,II,

' ACFTO ', ID)

FORMAT (1X,F7.1,' MSN ',15,°' GROUNDED (SHUTDOWN) AT '.I1l,

* ACFT® ', 11}




SUBROUTINE RESTRT CHECXS FOR START PROBLEMS ON ANY
AIRCRAFT WHICH HAS SHUT DOWN ENGINES (GNDTIM LONGER

THAN 435 MIN). ACFT ALREADY ABORTING FOR SHUTDOWN
PROBLEMS MUST ALSO BE CHECKED AND COULD BE GROUNDED-
(START PROBLEMS AFFECT ALL AIRCRAFT, REGARDLESS.)

SINCE ENGINES AND PROPS (COOL RAPIDLY ONCE SHUT DOWN,
AMBIENT TEMPS CAN MAKE A DIFFERENCE IN PROBABILITY

OF STARTUP PROBLEMS OCCURRING (THE MODEL DIFFERENTIATES
BETVEEN SUMMER AND WINTER FOR THIS PURPOSE) .

NOTE: AIRCRAFT AT FORWARD BASES (4 AND 3) ARE NOT
ALLOWED TO BE GROUNDED BECAUSE OF THREAT AND MISSION

FLOW CONSIDERATIONS. IT I8 ASSUMED THAT IN VARTIME

AN AIRCRAFT COULD BE FLOWN TO HOME BASE EVEN VITH SERIOUS
PROBLEMS, INCLUDING THE LOSS OF AN ENGINE OR PROP (MAC i
CREVS PRACTICE 3-ENGINE TAKEOFFS FOR THIS PURPOSE). '
IMMEDIATE DEPARTURE FROM NON-FORWARD BASES IS NOT
CONSIDERED TO BE NECESSARY.

VARIABLES:
NACFT INT ACFT 1D NUMBER
Loc INT CURRENT ACFT LOCATION
GNDTINM INT TIME SINCE ARRIVAL IN
OFFLOAD AREA
4 REAL RANDOM VARIATE

OO AOONODDOOO0DO0O00AO00GO0a00a00n

SUBROUTINE RESTRT
COMMON/SCOM1/ ATRIB(100),0D0(100),DDL(100),DTNOV, 1 ,NFA,
MSTOP,NCLNR,NCRDR, NPRNT , NNRUN,NNSET ,NTAPE,88(100),
S8L(100),TNEXT, TNOW,XX(100)
NACFTsATRIB(S)
LOC=ATRIB(12)
IF (ATRIB(33).EQ.88) GO TO 700
CNDTIM=TNOV-ATRIB(4)
ATRIB(17)=0
ATRIN(3)) =D
IF (GNDTIM.GT.43) THEN
C IFf ENGINES HAVE BEEN SHUT DOWN, NEED 10 MINUTES TO RUN
C ENGINE START CHECKLIST.
’ ATRIB(17)s10
C CHECK FOR STARTUP PROBLENS
€ SUMMER PROBABILITIES (TOTAL PROB OF DIFFICULTY 4%)
IF (XX(231).NE.3) THEN
IsUNFRMC(D.,100.,1)
* C ENGINES (TOTAL 1.3%)
C ENGINES: DELAY ONLY (1W)
IF (X.LT.1) ATRIB(17)=sTRIAG(O.,30.,80.,0)0
: ATRIB(1IT)
C ENGINES: GROUNDED (.15W)
IF (X.GT.98.73 AND.LOC.LE.3) THEN
ATRIB(18) =i
CO TO %00
ENDIP?
C ENGINES: ABORT TO MOME BASE (PLYABLE) (.73W)
‘ IF (X.GT.98) THEX
i | ' ATRIB(17)=TRIAG(O.,30.,80.,2)«ATRIB(17)
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ATRIB(18) =3

GO TG ec0¢
ENDIF
T«UNFRM(0.,100.,1)

C PROPS: SMME SEQUENCE A8 ENGINES (TOTAL .75W)

IF (X.LT.C.25)) ATRIB(17)sTRIAG(OD.,15.,45.,.1)¢
ATRIB(1T)
IF (2.GT.99.75 AND.LOC.LE.3) THEN
ATRIB(18) =4
GO TO 900
ENDIF
IF (X.GT.4¢8.5) THEN
ATRIB(17)aTRIAG(D. ,30.,80.,1)«ATRIBUIT)
ATRIB(18) =4
GO TO 800
ENDIF
C OTHER SYSTEMS, NON-GROUNDING (TOTAL 1.73%)
XsUNFRM(O.,100.,.1)
IF (X.LT.1) ATRIB(17)=«TRIAG(D.,15.,45.,1)¢
ATRIB(1IT)
IF (X.GT.%9.23) THEN
ATRIB(17T)aTRIAG(O.,30.,80.,1)+ATRIB(IT)
ATRIB(18) =3
GO TO 300
ENDIF
C WINTER: SAME SEQUENCE AS FOR SUMMER, EXCEPT IF GNDTINM
C EXCEKEDED 90 MINUTES ADD 13 MINUTES FOR EITENDED WARMUP
C TIME. TOTAL VINTER PROB OF DIFFICULTY 5%: ENGINES 1.35%,
C PROPS 1.0%, OTHER 2.35W) .
ELSE
IF (CNDTIM.CT.80) ATRIB(17)=23
X=UNFRM(O.,100.,0)
IF (X.LT.1) ATRIB(17)aTRIAG(O.,30.,80..1)+
ATRIRGIT)
IF (X.GT.88.75 .AND.LOC.LE.3) THEN
ATRIB(18) =
GO TO %40
ENDIF
1IF (X.CT.9¢8.3) THEN
ATRIB(17)«TRIAG(O.,30..,.80.,1)«ATRIB(IT)
ATRIB(1}) =3
GO TO 800
ENDIP
I=UNFRN(O.,100.,1)
1¥ (Z.LT.C.33)) ATRIBC1I7)=aTRIAG(D.,15.,43.,1)
ATRIB(1IT)
I¥ (X.CT.88.67.AND.LOC.LE.3) THEN
ATRIB(10)s4
GO TO %00
ENDIP
IF (X.GT.99.33) TNEN
ATRID(17)TRIAG(O.,30.,80.,1)+ATRIBUIT)
ATRIB(18) =4
GO TO 800
ENDIF
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X=UNFRM(O.,100.,1)
IF (X.LT.1.%5) ATRIB(17T)sTRIAG(O.,15.,45., 1)+
ATRIB(17)

IF (X.GT.98) THEN
ATRIB(17)aTRIAC(D.,30.,80.,1)+ATRIB(1T)
ATRIB(18) =S
¢0 TO 800 ,

ENDIF i

. ENDIF *
b ENDIF
- C IF AIRCRAFT ALREADY ABORTING HAS NO START PROBLEMS, CHECK
WX BEFORE GOING HOME (TMIS VILL BE AN UNSCHEDULED LEG IF v
i C ORIC DEST WAS NOT HOME BASE) 3
o . IF (ATRIB(11).EQ.1.0R.ATRIB(11).EQ.2Z) GO TO 700
=} NON-ABORTING ACFT OR ACFT ABORTING VITH LOAD FOR HOME
BASE CONTINUE SCHEDULED MISSION
ATRIB(16)sl
RETURN :
AIRCRAFT ABORTING (ON UNSCHEDULED LEGS TO HOME BASE)
CHECX VEATHER/THREAT -- IP RISK TOO HIGH, VAIT 80 MINUTES
THEN TRY AGAIN, ELSE GO. ASSUME THAT ACFT WAITING TO i
GO HOME VILL NOT HAVE TO UNDERGO RISK OF RESTART EVERY
$0 MINUTES (DOUBLE JEOPARDY) -- A33«38 WILL BYPASS
START MALFUNCTION CHECKS. [F ALREADY AT HOME (LOCsl)
ABORTS AND GROUNDINGS ARE TREATED THE SAME -- OFFLOAD
C AND RE-ENTER MISSION.
700 IF (LOC.EQ.1l) THEN
- IF (XX(99).CE.1) PRINT 3000, TNOW,NINT(ATRIB(37)),
y ! : NACPT
3 ATRIB(16)=39
i RETURN -
E.' ENDIF
ATRIB(16)al
ATRIB(33)299
1 CALL DEDHED(LOC)
- RETURN
‘ AIRCRAPT ABORTING FROM START PROBLENS ENTER AT 800,
AIRCRAPT CROUNDED ENTER AT 900; SET UP MISSION
INFO FOR OPFLOAD (AT CURRENT BASE IF GROUNDED OR
AT HOME BASE 1F ABORTING). AIRCRAFT ALREADY AT HOME
BASE WILL BE ROUTED TO HOME BASE OFFLOAD. AIRCRAPT
AT ANY BASE WITH All C(ABORT FLAG) = 1 OR 2 ARE ALREADY
SET UP TO RETURN HOME IN ABORT STATUS -- ATTRIBUTES
WILL NOT NEED TO BE READJUSTED. (ACFT VITH Al11>0 VILL
NEVER REACH RESTRT AT HOME BASE, 80 THE PROBLEM OF
ABORTING AN ABORT AT HOME BASE WILL NEVER OCCUR.)
00 IF (XX(98).CE.1) PRINT 1000,TNOW,NINT(ATRIB(37)),
: LOC,NACFT
TP (ATRIB(11).GE.1) THEN
CALL MTRACE(10)
cO TO 700
ENDIF
€ CHECK FOR EMPTY ACPT OR POSITION LEC ACFT DUE TO PICK
€ UP MSN AT NILIT BASE.
IF (ATRIB(13).EQ.0.AND.ATRIB(14).EQ.0) THEN
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IF (ATRIB(23).GE.1) THEN
CALL RESCH
ATRIB(37)a70000+L0C*1000+XX(30)%100+XX(28)
ENDIF
ATRIB(11)a2
ATRIB(1S5)=l
CALL MTRACE(1D)
GO TO 700
ENDIF
C IF ACFT HAS NOT PREVIOUSLY ABORTED AND IS GOING TO
€ TO HOME BASE WITH A LOAD, SET ABORT FLAG FOR END-HOME
¢ OR THROUGH-HOME MISSION AND ARRANGE CARGO DATA FOR
C RE-ENTRY OF CONTINUATION MISSION AT HOME BASE.
IF (ATRIB(20).EQ.1)> THEN
IF (ATRIB(Z3).LE.1) THEN
ATRIB(11)s=4
ELSE
ATRIB(21)=AMAX1(ATRIB(13) ,ATRIB(21) ,ATRIB(22))
ATRIB(14)=AMAR1I(ATRIB(13) ,ATRIB(14) ATRIB(22))
ATRIB(11)s3
ENDIF
CALL NTRACE(10)
GO TO 700
ENDIF
C FOR ACFT NOT ORIGINALLY SCHEDULED TO GO TO HOME BASE ON
C THIS LEC (NON-HOME MSN) RESTRUCTURE MISSION DATA FOR
C OFFLOAD OF ALL CARGO AT HOME BASE AND RE-~ENTRY OF
C CONTINUATION MISSION AT HOME BASE.
20 851 X=32,23,-1
ATRIB(X)sATRIB(K-3)
831 CONTINVE
ATRIB(22)=ATRIB(14)
ATRIB(14)=AMAXICATRIB(13) ,ATRIB(14) ATRIB(2S5))

ATRIB(21)sATRIB(14)

ATRIB(15)=]

ATRIB(20)s]

ATRIB(11)=l

CALL MTRACE(10)

GO TO 700
C GROUNDED AIRCRAFT MUST OFFLOAD AT CURRENT BASE; IF AT HOME
C BASE, TREAT AS ABORT (OFFLOAD AND RE-ENTER MSN). IF ALREADY
C ABORTING AND Allsl OR 2, LOAD 18 ALREADY SET UP FOR IMMEDIATE
C OFFLOAD AND RE-ENTRY. ALL OTHER LOADS MUST BE RECONFIGCURED
C FOR OFFLOAD AT CURRENT BASE AND RETURN TQ MISSION FILE.
C IF SCHEDULED TO BECIN A MISSION AT NEXT BASE, THE INTENDED
C MISSION 1S IMMEDIATELY RETURNED TO THE MISSIONS FILE.
800 IF (LOC.EQ.1) GO TO 800

IF (XX(98).CE.1) PRINT 2000, TNOV,NINTC(ATRIB(37)),LOC,

NACPT

IP (ATRIB(11).EQ.1.OR.ATRIB(11).EQ.2) GO TO #9¢
IsAMAX1(ATRIBC13) ,ATRIB(14))
IF (X.5Q.0) THEN
IF (ATRIB(23) .NE.0) CALL RESCH
ATRIB(11)=2
ATRIB(37)270000+4L0C*1000+XX(30)7100+2X(28)
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CO TO 999
ENDIF
DO 90! Ka32,23,-1
ATRIB(X) sATRIB(K-3)

901 CONT INVE

ATRIB(22)ATRIB(14)

ATRIB(21)=AMAZ1(ATRIB(13),ATRIB(14) ,ATRIB(22))

ATRIB(14)=ATRIB(Z1)

ATRIB(11)sl
1Y ATRIB(16)=0%

ATRIB(15)sL0C

ATRIB(20)=L0C

CALL NTRACE(1O)

RETURN
1000 FORMATUIX,PT.1.* MSN *',15,' GND ABORTING (START) AT ',Il,
: " == ACFT® ',I2)
- C12345.7 MSN 12345 GND ABORTING (START) AT 3 -- ACFT# 23
>~] ) 2000 FORMAT(IX, F7.1,' MSN *,I5,' GROUNDED (START) AT ',I1,
= ' e ACFT® ',12)
C12345.7 MSN 12345 GROUNDED (START) AT 3 -- ACFTS 11
1000 ronnnr(xx P7.1,' MSN ',15,' HOME BASE START ABORT',

' == ACFT® ',I2)
C12345.7 MSN 12343 HOME BASE START ABORT -- ACETS 22
END
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SUBROUTINE ENRTE CHECKXS WEATHER, THREAT, AND ABORTS, THEN
RQUTES AIRCRAFT TO APPROACH EVENT.

ENROUTE AIRCRAFT ARE SUBJECT TO WEATHER AND THREAT
CONDITIONS WHICH MAY BE DIFFERENT FROM THOSE UNDER WHICH
THE MISSION VA8 SCHEDULED. IF ENROUTE CONDITIONS EXCEED
THE RISK LEVEL FOR THE MISSION, THE AIRCRAFT ABORTS TO
HOME BASE (ASSUMED POINT OF ABORT IS MID-LEG). MAINTENANCE
PROBLEMS ARE ACCOUNTED FOR BY A S% OVERALL ABORT CHANCE ON
EACH SORTIE, WITH ABORT OCCURRING AT A RANDOM TIME DURING
THE LEG. (BECAUSE OF THE DIFFICULTY IN ASCERTAINING WHICH
ZONE AN AIRCRAFT WOULD BE IN WHEN ACTUALLY ABORTING, ABORTING
AIRCRAFT ARE ASSUMED NOT TO HAVE ENCOUNTERED ANY THREATS OR
ADVERSE WEATHER BEFORE ABORTING.) ANY AIRCRAFT RETURNING
TO HOME BASE IN ABORT STATUS (FOR MAINTENANCE OR OTHERVWISE)
MUST OFFLOAD ITS CARGO, WHICH WILL THEN BE ENTERED AS A
CONTINUATION MISSION.

IF A MISSION ALLOWS EXPOSURE TO EITHER LOVW OR HIGH
THREAT LEVELS, THE AIRCRAET RUNS A CHANCE OF BEING LOST
TO ENENY ACTION IF A THREAT EXISTS AND CERTAIN E£SCORT AND
WVEATHER CONDITIONS ARE NOT MET. THREAT, WEATHER, AND ESCORT
ARE EVALUATED ON A ZONE-BY-ZONE BASIS.

VARIABLES:
ORIGC INT LEG ORIGINATING BASE
DEST INT LEG DESTINATION BASE
NACFT INT ACFT ID NUMBER
ETELECG INT LEG ENROUTE TIME
CHKTIN REAL CHECX TIME FOR WICHK
TFAIL REAL MX ABORT TURNAROUND TIME
ALLWX INT DEST BASE APPRCH CAPAB
VIFLG INT ENROUTE WX/THREAT INDICATOR
ZPTR INT ZONLST POINTER
ZONE INT ZONE NUMBER
IvX INT ZONE VX CONDITION
THRT INT IF 1, THREAT IN ZONE
FTRFLG INT IF 1, ESCORT AVAIL
X, Y REAL RANDOM VARIATES

SUBROUTINE ENRTE
COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV, 11 ,MFA,
MSTOP ,NCLNR ,NCRDR , NPRNT ,NNRUN,NNSET ,NTAPE,.S8(100),
88L¢(100), TNEXT, TNOW, XX(140)
COMMON/UCOM1/ ETELST(25),2ZONLST(150),BASLST(25)
INTEGER ETALST,ZONLST, ETELST,BASLST MSNETA,
THRT,OR1G,DEST,WXFLG,ETRLEG, ALLVX,FTRFLG, ZPTR, ZONE
DATA ZONLST/1,5%0,1,2,4%G.1,9,10,8%0,1,0,10,6,270,1,3,4,3%0,
: 2,2,1,3%0,2,5%0,2,10,4%0,2,10,6,3%0,2,0.,4,3%0,
10,9,1,3%0,10,2,4%0,10,5%0,10,6,4%0,10,5,¢,1320,
¢,10,9,1,2%0,8,10,2,3%0,6,10,4%0,6,3%0,6,3,4,3%0,
. . 4,3,1,3%0,4,9,2,320,4,5,10,3%0,4,5,8,3%0,¢,3570/
DATA ETELST/ 0, 50, 60,150, 90,
: 30, O, 80,120,130,
80, 60, o0, 80,120,
150,120, s0, 0, %0,
80,130,120, %0, O/
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DATA BASLST/

ATRIB(l6)s]
ORIG=ATRIB(12)

DEST=ATRIB(13)

NACFTsATRIB(S)
ETELEGETELST((ORIG-1)*5+DEST)
CHXTIMaTNOW+ETELEG/2

TFAILa S*ETELEG
ALLWIsXX(DEST+80)

IF (DEST.EQ.1) ATRIB(40)s2

1,2
z.3
3.2
4.3
3.1

C CHECX MAINTENANCE ABORT

I=UNFRM(O.,100..,1)
Y=UNFRM(O0.,1.,1)
IF (X.LE.3) THEN

TFAILsY*ETELEG
IF (X.LT.1.5) THEN
ATRIB(18)=3
ELSE IF (X.GE.1.5 AND.X.LT.3) THEN
ATRIB(18)a4
ELSE IF (X.GE.3) THEN
ATRIB(18)a$5
ENDIF
ATRIB(1)=3
IF (XX(98) .GE.1) PRINT 2000, TNOW,NINTC(ATRIB(37)),
ORIG.DEST NINT(ATRIB(2)) ,NINT(ATRIB(18)) .NACFT
GO TO 3500

ENDIF

C CHECK WEATHER AND THREAT FOR ABORT CONDITIONS AND NON-
€ THREAT CONDITIONS

CALL WXCHK(ORIG,DEST,CHKTIM,WXFLG)

IF (VXFLG.EQ.0) GO TO 100
IF (WIFLG.GE.1.AND.ATRIB(4Q).EQ.0) THEN

IF (XX(98).GE.1) PRINT 3000,TNOW.NINT(ATRIB(37)),

OR1G,DEST NINT(ATRIB(40)) ,WXFLG, NACET
G0 TO 500
ENDIF
IF (WVIFLC.EQ.3) GO TO 100
IF (ATRIB(40).EQ.)) THEN
IF (WIFLG.EQ.2.0R.VIFLG.EQ.5) THEN

IF (XX(98) .GE.1) PRINT 3000,.TNOV NINT(ATRIB(37)),

ORI1G,DEST,NINT(ATRIB(40)),WIFLG,NACFT
60 TO 300
ENDIF
ENDIF

C THREAT EVALUATION BY ZONES

DO 50 Is=1.8

ZPTR=(QRIG-1)230+(DEST-1)%8
ZONE=ZONLST(ZPTR+ 1)

IF (ZONE.EQ.0) GO TO 100
IWI=XX{ZONE+40)
THRT=XX(ZONE+50)
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IF (THRT.EQ.1.AND.IWX . NE.2) THEN
CALL FTRCHK(ZONE, CHKTIM,FTRFLG)
IF (FTRFLG.EQ.1l) THEN

IF (IVI.EG.1) GO TO 50O

€0 TO 30
- ENDIF
s IF (IVWX.EQ.1) GO TO 20
‘ GO TO 40
C LOW-THREAT ATTRITION (LOW-LEVEL, CLEAR WX, NO ESCORT)
20 XaUNFRM(D.,100.,1)
IF (X.LT.ZX(11)) CO TO 29¢
G0 TO 50
. « C MEDIUM-THREAT ATTRITION (LOW CLOUDS PREVENT LOW-LEVEL,
C ESCORT AVAILABLE)
a0 T=UNFRM(0.,100.,1)
IF (X.LT.XX(12)) GO TO 89¢
GO TO SO
F ¢ C HICH-THREAT.ATTRITION (LOW CLOUDS PREVENT LOW-LEVEL,
§ € NO ESCORT)
40 I=UNFRM(O.,100.,1)
‘ IF (X.LT.XX(13)) CO TO 999
. ¢O TO 50
! ENDIF
i 50 CONTINUE
; ’ C IP AT THIS POINT, ENROUTE PORTION I8 SATISFACTORY; SET
; € ENROUTE TIME AND PROCEED TO APPROACH EVENT.

100 ATRIB(16)al
ATRIB(17)=ETELEG
B CALL MTRACE(S)
b RETURN
o C ABORTS
€ ALREADY ABORTING
$00 IP (ATRIB(11).GE.l) GO TO $53%
€ ALREADY HEADED HOME WITH LOAD FOR HOME (OR FOR HOME AND
¢ SUBSEQUENT DESTINATIONS)
IF (ATRIB(1S5).EQ.1) THEN
IF (ATRIB(23).EQ.0) THEN
ATRIB(11)a8
cO TO S99
ELSE ‘
ATRIB(11)a3
ATRIB(14)sAMAZI(ATRIB(13),ATRIB(14) ,ATRIB(22))
ATRIB(21)=ATRIB(14)
€0 TO 509 1
ENDIF ]
ENDIP
€ ON POSITION LEC (MISSION NOT YET PICKED UP)
IF (ATRIB(13).EQ.0.AND.ATRIB(14) _EQ.0) THEN
IF CATRIB(23).GE.1) THEN i

R Al

b . o

- CALL RESCK ;
f ATRIB(37)270000+0RIC*1000+XX(20)*100+XX(26)

» £ ENDIF .

| . ATRIB(11)a2

' CO TO 599

/ ENDIF
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C ABORTINC WITH LOAD ON BOARD FOR OTHER THAN KOME BASE
DO 501 {=32,23,-1
ATRIB(I)=ATRIB(I-2)
$01  CONTINUVE
ATRIB(11)=l
ATRIB(22)=ATRIB(14)
ATRIB(14)«AMAXI(ATRIB(13) ,ATRIB(14))
, ATRIB(20)sl
i ATRIB(Z21)=sATRIB( 14)
. 599 - ATRIB(16)sl
€ IF ABORTING ENROUTE HOME, ETE 1S NORMAL LEG TINME
IF (DEST.EQ.1) THEN
ATRIB(17)=ETELEG
’ GO TO 600
E ENDIF
g C IF ABORTING ON FIRST LEC FROM KOME, TURN ARQUND AT
S C TIME OF FAILURE
o IF (ORIG.EQ.1) THEN
' ATRIBC17)a22TFAIL
GO TO §00
ENDIF
C IF ABORTING ENROUTE FROM 4 OR 5 TO 2 OR 3 (INBOUND FROM
C OUTLYING BASES) ETE TO HOME IS NORMAL LEC TIME TO BASE
€ 2 OR 3 PLUS TIME FROM 2 OR 3 TO HOME (ASSUME OVERFLY
C DESTINATION ENROUTE HOME)
IF (DEST.EQ.2.0R.DEST.EQ.3) THEN
' ATRIB(17)sETELEG+ETELST((DEST-1)%5+1)
' CO TO 600
5 ENDIP
i C FOR ALL OTHER ENROUTE ABORTS (OUTBOUND TO OUTLYING -
C BASES) TURN AROUND AT TIME OF FAILURE, ROUTE TO HOME
C VIA ORIG BASE FOR THAT LEG; ETE IS DOUBLE TIME TO TURN-
€ AROUND POINT PLUS TIME FROM LEC ORIC BASE TO HOME.
3 ATRIB(17)eZ*TFAIL+ETELST((ORIG-1)%54+1)
: C PRINT ENRTE ABORT MESSAGE AND RESET DEST AS HOME BASE
600 IF (XX(90).GE.1) PRINT 4000, TNOW,NINT(ATRIB(37)),
‘ ORIG,DEST,ATRIB(17),NINT(ATRIB(11)) ,NACFT
[ 4 ATRIB(15)sl
;¢ RETURN ]
AN C LOST AIRCRAFT: IF ENROUTE TO BEGIN A MISSION, RETURN THAT
| ¢ MISSION TO THE MISSION FILE. OTHERWISE, ENTIRE MISSION LOST.
. 899 IF C(ATRIB(13).ZQ.0.AND.ATRIB(14).EQ.0.AND.ATRIB(23).GE.}1)
‘- THEN
) CALL RESCH
o ATRIB(37)=00898
1 ENDIF
IF (ATRIB(37).GE.1.AND.ATRIB(37).LT.00000) XX(23)=XX(23)¢l
IX(1)eXX(1)-1
1 IX(2)=2X(2)-1
- PRINT 1000,CHKTIM,ZONE,ORIG,DEST, NINT(ATRIB(37)),NACET
- PRINT 1001 ,NINTCATRID(40)),IWX FTRFLS
¥ ATRIB(18)=0
= RETURN
. 1000 FORMAT(1X,F7.1,' ACFT LOST IN ZIONE ',12,' -- ORIG=',ll,
* DEST=',I1,' MS8Ns',15, ' ACETH® ',I2)
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1001 FORMAT(33X,'MRISK=',Il,' WXs',Il,' ESCORT= ‘',Il)

C12345.7 ACFT LOST IN ZONE 10 -- ORIGs] DESTsZ MS8N=12345 ACFTS 12
c MRISKs? WXs3 ESCORTs0

2000 FORMAT(IX,F7.1,' MSN ',1!5,' ABORTING ENRTE (MX) °',Il,

: ‘' TO ',I1,' -- MX=',11,' MXFAILs',I1l,' ACFT® ',I2)
C12345.7 MSN 32024 ABORTING ENRTE (MI) 1 TO 3 -- MXws) MXIFAILe4 ACPFTS )
3000 FORMAT(IX,F7.1,' MSN ',IS,' ABORTING ENRTE (THRT) ',I1,

: ''TO *,11,' -- RISKa',ll,' WXIFPLGs',I1,' ACFTS® *',12)
C123435.7 MSN 74301 ABORTING ENRTE (THRT) 1 TO 4 -- R18Ksl WXFLGsS
4000 FORHAT(IX F7.1,' MSN ',1S,' ABORTING ENRTE ',Il,' TO ',Il,

' == ETEs’',F4.0,' ABORT=',Il, ' ACFT® *',12)
612343 7 MSN 24005 ABORTING ENRTE 2 TO § -- ETEal23. ABORT=4 ACFTS® 23

END




SUBROUTINE APPRCH
AFTER COMPLETION OF ENROUTE PHASE, AIRCRAFT MUST EXECUTE
APPROACH TO DESTINATION BASE. ALTHOUGH THE VEATHER WAS
CHECKED WHEN TNE MISSION WAS SCHEDULED, IT COULD POSSIBLY
HAVE CHANGED; THEREFORE, THE APPRCH EVENT RECHECXS THE
WEATHER FOR THE CONCERNED BASE. IF THE BASE HAS APPROACH
AIDS SUITABLE FOR THE WEATHER, TME AIRCRAFT IS ALLOVED TO
LAND; IF NOT, 1T 1S ALLOWED TO TRY THE APPROACH VITH A
SMALL CHANCE OF "BREAKING OUT*" IN TIME TO LAND. 1IF
THE APPROACH 1S NOT SUCCESSFUL, THE AIRCRAFT 1S ALLOWED
MORE TRIES DEPENDING ON ITS RISX CATEGORY -- RISX LEVEL
0 GETS 1 TRY, LEVEL 1 GETS 2 TRIES, AND LEVEL 2 CETS 3
TRIES. (IT I8 ASSUMED THAT RISX LEVEL VILL ROUGHLY
CORRESPOND TO MISSION PRIORITY.) TIME BETWEEN APPROACH
TRIES IS 15 MINUTES. IF AN AIRCRAFT CANNOT LAND WITHIN
ITS ALLOTTED TRIES, IT ABORTS TO HOME BASE FROM
OVERHEAD DESTINATION.

AIRCRAFT ABORTING FROM THE APPROACH EVENT ARE AUTOMATICALLY
ASSIGNED A RISX CATEGORY OF 2 AND NMUST “TAXE THEIR CHANCES"
TRYING TO GET BACK HOME. DIVERSIONS ARE NOT ALLOVWED IN TH!S
VERSION OF THE MODEL; IN ANY CASE, DIVERSIONS FRON FORWARD
BASES ARE USUALLY TO REAR BASES, FOLLOWING THNE RULE OF TNUMB
THAT ABORTED LOADS FOR OUTLYING BASES ARE RESCHEDULED MUCH
MORE EASILY FROM MAIN BASES THAN FROM OTHER FORWARD BASES.
THIS IS SIMILAR TO THE “HUB-AND=SPOKE" SYSTEM USED BY MANY
AIRLINES, IN WHICH LOADS BETWEEN POINTS ON THE "“RIM" ARE
NORMALLY ROUTED THROUGH THE "HUB™.

COMMON/SCOM1/ ATRIB(100),DD¢100),DDL(100),DTNOV, 11 NFA, i
! : MSTOP ,NCLNR,NCRDR, NPRNT ,NNRUN , NNSET,NTAPE,88(100),

i : $8L(100), TNEIT, TNOV,XX(100) L
- INTEGER ORIC,DEST,VIFLC

CALL MTRACE(S)

ATRIB(18)=1

ORIC«ATRIB(12)

DESTsATRIB(1S5)

1P (DEST.EQ.1.OR.ATRIB(11).GE.1) GO TO 100
C CHECX WEATHER AT DEST BASI

CALL WXICHK(ORIC,DEST,TNOW, WXFLG)

IF (WXPLG.GE.23) THEN
T=UNFRN(O.,100.,1)
C 25% CHANCE OF SUCCESSFUL APPROACH IF BELOW MINS
1F (X.LE.2S) GO TO 100
g C IF NO MORE TRIES, ABORT; IF MORE TRIES, ROUTE TO 15-MIN
¥ € REPOSITIONING LEG.
: IF (ATRIB(18) .GT.(ATRIB(40)+2)) GO TO 500
CALL MTRACEK(12)
: ATRIB(18)sATRIB(18)+1
: RETURN
ENDIF
€ SUCCESSIUL APPROACH
100 ATRIB(18)sl
o RETURN
.1 C ABORT: READJUST NMISSION ATTRIBUTES FOR RETURN TO MISSION

: C FILE
i so0 IF (ATRIB(13).EQ.0.AND.ATRIB(14).EQ.0) THEN

e N G e G R e s s I s N x N s A s I I s e I s B s I s B s B I ¢ 2]

- an

110

! ' - 3%
. ad i Y at b




e —

3
3

F
b |
k|
- IF (ATRIB(23).GE.1) CALL RESCH o
s GO TO 39¢ :
.;1 ENDLT
b | DO 301 1e32,323,-1
& ATRIB(I)=ATRIB(I-3) |
B S01  CONTINUE ;
- ATRIB(11)al !
e ATRIB(14)=AMAX1(ATRIB(13),ATRIB(14))
. ATRIB(20)sl

‘ ATRIB(21)=ATRIB(14)

] 589  ATRIB(I12)sATRIB(1S)
SR ATRIB(15)al

: . ATRIB(18)sl

| ATRIB(40)a2

| CALL MTRACE(1D)

RETURN
END
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SUBROUTINE MTRACE(I)
IF XX(38) SET. PRINTS MISSION TRACE INFO
Isl ARRIVAL (EVENT 17) 10 GND ABORT

1 CONTIN 11 ABORT FR APPRCH
3 SCHED 12 MISSED APPRCH

4 DEPART (EVENT 18) 13 ENRTE ABORT

S ENROUTE 14 MISSION COMPLETE
§ APPROACK 50 ATRIB DUNP

7 MSN ENTRY

8 ABORT

8 GROUNDED

NOTE: MANY “EMBEDDED® PRINT STATEMENTS ARE INCLUDED IN THE
VARIOUS SUSROUTINE LISTINGS; SEVERAL OF THESE ARE CONNECTED
VITH MISSION TRACING AND ARE ALSO CONTROLLED BY XX(98).GE.1l.
OTHEIR EMBEDDED PRINT STATEMENTS ARE CONTROLLED BY XX($8).
SCHED AND SCHSET PRINT STATEMENTS ARE CONTROLLED BY IX(37).
FOR A COMPLETE TRACE OF MISSION ACTIVITIES, SET IX(98)=1 AND
IX(99)=1. (WARNING: THE MISSION TRACE ROUTINES IN THIS
MODEL PRINT DIRECTLY FROM THE FORTRAN CODE AND THEREFORE USE
THE FORTRAN PRINT LIMIT WHICH MUST BE SET WHEN THE FORTRAN
CODE IS COMPILED. THE PROGRAM MAY “BOME" IF THIS LIMIT I8
NOT SET TO AT LEAST 3000 LINES PER RUN TO BE TRACED -- SAMPLE
FOR 5 RUNS: FTNS,IsSOURCE,B=MAIN,LO=0,ANSI=0, PL=25000.

THE SLAM TRACE AND OUTPUT ROUTINES ARE COVERNED BY THE

SLAM PRINT LIMIT, WVHICH I8 SET BY THE SLAM CONTROL CARD --
SEE BEGINNINGC OF NETWORK LISTING IN APPENDIX A.)?

COMMON/SCOM1/ ATRIB(100),DD(100),DDL(100),DTNOV,II MFA,
MSTOP,NCLNR,NCRDR,NPRNT ,NNRUN ,NNSET ,NTAPE,88(100),
8SL(100),TNEXIT,TNOV,XX(100)

NACFT=ATRIB(Y)

IORIC=ATRIB(12)

LON=ATRIB(13)

LOFF=ATRIB(14)

IDRST«ATRIN(13)

MXe«ATR1IB(2)

MFLY=ATRIB(D)

MCDAY=TNOV-ATRIB(10)

MTOTsTNOW-ATRIB())

MSRTsATR1B(34)

MGND=ATR1IB(34)

MARKA=ATRIB(1)

MARKC=ATRIB(10)

MI=ATRIB(2)

NXTON=ATRIB(21)

NXITOFPFsATRIB(22)

NXITDEST=ATRIB(23)

MRDY=ATRIB(3S)

MSN=ATRIB(37)

MPRIsATRIB(39)

MRISKsATRIN(24)

NDEST3=ATRIB(28)

NDEST4=ATRIB(2))

NDESTSsATRIB(32)

LBVCsATRIB(17)
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MMRISK=ATRIB(4)
MMPRI=ATRIB(S)
MMRDY=ATRIB(1)
MMON=ATRIB(Z21)
MMOFFsATRIB(22)
MMON2=ATRIB(24)
MMOFFZ=ATRIB(ZS)
MMSN=ATRIB(3)
MORIGsATRIB(20)
MIFAIL=ATRIB(18)
NABORTsATRIB(1))
€ STAT COLLECTION: SOME STATISTICS ARE COLLECTED ON CALLS TO
C MTRACE
IF (1.EQ.1) CALL COLCT(ATRIB(34),9)
IF (1.EQ.4) CALL COLCT(ATRIB(34),(IORIG+3))
IF (1.EQ.3.AND MSN.CGT.0.AND.(MSN.LT.G0000.0R.
: MSN.GT.90000)) THEN
STAT12=TNOW-MRDY
CALL COLCT{(STATIZ.12)
ENDIF
IF (1.EQ.14 AND . MSN.CT.0.AND. (MSN.LT.80000.0R.
: MSN.CGT.80000)) THEN
STAT11=TNOV-MRDY
CALL COLECT(STAT11,11)
ENDIF
C MISSION TRACE
IF (XX(38).GE.1l) THEN
1P (1.8Q.1) PRINT 1400, TNOW,MSN, IDEST,IORIG,LON LOPF,
: NXTON, MSRT
1000 FORHAT (13,F7.1,' MS8N ',13,°' ARR ',11,' FROM ', I!,
' -- ONs',11,' OFF=',11,' NITONs',Il,' SORTIEs',I14)
611315 7 MSN 12343 ARR 1 FROM 3 -- ON=]l OFFsl NRITON=2 SORTIEs1234
IF (1.EQ.T7) PRINT 2000,TNOV,MS8N,IORIG,IDEST,LON, LOFF,
: NITON,NXTDEST
2000 FO!HAT (iX,F7.1,' MSN °*,I5,'CONTIN ',I1,' TO ',I1,
' e« ONs',11,' OFFa',11,' NITON=',11,' NRTDEST»‘,I1)
612345 7 MSN 12343 CONTIN 1 TO 3 -- ONsl OFFsl NITONs! NXTDESTsl
IF (1.EQ.3) PRINT 3000, TNOW,MSN,IDEST NXTDEST,NDEST)?,
NDEST4 ,NDESTS ,MPR! MRDY.LON,NACFT
IF (1.EQ.3) PRINT 3001 ,MFLY,MCDAY, MTOT
3000 FORMAT (1X,F7.1,' M8N ',I5,' SCHED',5¢(1X,11),' -~ MPRI=’,
: 11,' MRDYs',135,' ONe',11,' ACETS® *',I12)
3001 FORHAT (18X, 'TFLYs=’,I4,' TCREWs',I4,' TTOTs',I3)
C12345.7 MSN 12345 SCHED 1 2 3 4 § ~- MPRI=1 MRDY=12345 ON=1 ACFTH1
c TPLY=1234 TCREVs1234 TTOT=12345
IF (1.8Q.4) PRINT 4000, TNOW,MSN,1O0RIG,IDEST,LON,
LOFF ,MCND NACFT
4000 IOIHAT ¢1X,F7.1,' M8N ',13,' DEP *',11,' FOR ',11,
' «= ONe',I1,*' OFF=’',I1,' GCNDTIM=',IS5,' ACFT® ',1I2)
512345 7T MSN 12345 DEP | FOR § -- ONe]l OFFsl GNDTIM=12345 ACFT® 12
IF (I.EQ.5) PRINT 3000,TNOW,MSN, IORIG,IDEST, LEVC ,NX
5000 FORMAT (12,F7.1,' MSBN ',13,' ENROUTE FROM ',Il,' TO ',
: I1,' -- ETEs',13,' MXs',11,' ON=',I})
612343 7 MSN 12343 ENROUTE FROM 1! TO 2 -- ETE=l13 MI=]l ONsl
IF (1.EQ.6) PRINT 8000,TNOV,MSN, IDEST,MX,NABORT ,NACPT
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6000 PORHAT (1X,F7.1,' MSN ',I3,' BEGIN APPR TO ',I1,
' ==~ MEIs',11,' ABORT=',11,' ACFTS ',I2)
C1234$ 7 MS8N 12345 BEGIN APPR TO 1 -~ MIa]l ABORTs0 ACFTS 23
IF (1.EQ.7) PRINT 7000, TNOWV,MMBN,MORIG, MMPRI , MMROY , MMRI SK
IF (I.EQ.7) PRINT 7001,MORIG,NITDEST, NDEST2,
NDEST4 ,NDESTS ,MMON, MNOFF ,MMON2 ,MMQFF2
tF (I.EQ.7) PRINT 7002, MRISK
7000 FORHAT (1X,F7.1,' MSN ',I15,' ENTERED AT ',1l,
' «= MPRIs',Il,’' MRDY=',IS.' MRISK=',I11)}
7001 FORHAT (10X, 'ITIN *,5(11,1X),"' ON=',11,* OFFa’,l1l,
' ON=',I1,' OFF=',Il)
7002 FORHAT (14X, 'ETE RETURN TO 1s',14)
€12345.7 MSN 12343 ENTERED AT 1 -~ MPRI=] MRDY=12345 MRISK=sl
c ITIN 12 3435 ONal OFFal ON=) OFFs2
c ETE RETURN TO 1=1000
IF (1.EQ.8) PRINT 8000,TNOW,MSN,IORIG,LON,LOFF, MX MXFALL
8000 FORMAT (1X.F7.1,' MSN ',I5,' ABORTING FROM ',Il,’ -- ONs’,
: 11, OFF=',11,' MXa',Il,' MIFAILs',Il)
612345 7 MSN 12343 ABORTING FROM 3 -- ON=l OFFsZ MXIsl MXFAIL=4
IF (1.£EQ.9) PRINT 8000, TNOW,M8N, IDEST MIFAIL
9000 FORHAT (1X,F7.1,' MSN ',15,' GROUNDED AT ',I1l,
' == MIFAILs',Il)
011305 7 MSN 12343 GROUNDED AT 3 -~ MXFAILs)
IF (1.EQ.10) PRINT 10000, TNOW, MSN,10RIC MXFAIL, NABORT
10000 FORHAT (1X,¥7.1,' MSN ',I5,' GND ABORTING FROM ', I,
' == MIFAIL="',11,‘' ABORT=',Ill)
C11345 7 MSN 12345 GND APORTING FROM 3 -- MXFAIL=4 ABORTs4
IF (1.EQ.11) PRINT 11000,TNOW,NMSN, IORIG,MX ,NABORT
11000 FO!HAT (iX,F7.1,' MSN ',I5,' ABORTING OVHD ',I1l,
' «= MIa',I1,' ABORT=',I1)
C11305.1 MSN 12343 ABORTING OVHD 4 ~- MXa3 ABORTsl
IF (1.£Q.12) PRINT 12000, TNOVW, MSN, IDEST
12000 FORMAT (1X,F7.1,' MSN ',I5,' MISSED APPR AT ',I1)
C12345.7 MSN 12345 MISBED APPR AT 4
IF (I.EQ.13) PRINT 13000, TNOV, MSN,IORIG,IDEST,MX ,NABORT
13@00 FORMAT (1X,F7.1,' M8N ' ,I3,' ABORTING ENRTE FR °',I1,
*TO *',I1,' -- MX=',11,' ABORT=',Il)
612343 7?7 MSN 12345 ABORTING ENRTE FR 1 TO § -~ MXIx3 ABORTs2
IF (I.EQ.14) PRINT 14000 TNOW,M3N,IDEST NACFT
14000 FORHAT(IX F7.1,' MS8N ',13,' COMPLETE AT *'.,I!,
' -« ACFTS® ', ID)
612345 T MSN 12345 COMPLETE AT 3 -~ ACET® 23
ENDIF
C RUN TERMINATION CHECK: XX(2]1) = RUN TERMINATION ENABLE SWITCH
c XX(22) = MISSION ENTRY COUNTER
C IX(23) = MISSION COMPLETION COUNTER
4 XX(24) = TERMINATION TIME
€ ALL VARIABLES ARE BET TO ZERO BY INTLC. AS MISBIONS ARS
C ENTERED (REP(X) AND STACK) XX(Z2) I8 INCREMENTED: AS MISSIONS
c
¢
(4
c
c
c

ARE COMPLEITED, XX(23) I8 INCREMENTED. WHEN STACK (8 EXHAUSTED,

XX¢21) I8 SET TO 1, STOPPINGC ALL FURTHER “PRIMARY" MISSION ENTRY.
WHEN MISSIONS COMPLETE EQUALS MISSIONS ENTERED, XX(21) I8 SET TO
2 AND THE SCHEDULER HOLD LOOP ROUTES AIRCRAFT TO THE TERMINATION
SECTION OF THE NETWORK INSTEAD OF TO THE $0-MINUTE HOLD. AS
AIRCRAFT LEAVE THE SYSTEM, THE NUMBER OF AIRCRAFT (2XX(1)) I8

t14




DECREMENTED AND U.E RATE AND CREVW STATS ARE COLLECTED. (FOR
UTE RATE. CLOSURE TIME I8 SET AT FINAL MISSION COMPLITION TIME.
(AFTER CLOSURE, ALL “RESCUE"™ MISSIONS AND DEADHEAD MISSIONS VILL
BE COMPLETED.) WHEN THE LAST AIRCRAFT LEAVES THE SYSTENM (XI(1)s=0)
AN ENTITY BRANCHES TO THE TERMINATOR NODE.
IF (1.BQ.14 AND MSN.LT.60000) THEN
XX(23)2XX(23)+1
IF (XX(21).EQ.1.AND.XX(22).EQ.XX(23)) THEN
XX(21)s2
XX(24)=TNOV+ 180
CALL COLCT(TNOV,13)
ENDIP
ENDIF
C COMPRESSED ATRIB DUMP (ONLY IF XX(98).GE.3)
IF (XX(88) . GE.3.AND.[.EQ.50) THEN
DO $3 J=1,40
NN=ATRIB(J)
33 CONTINUVE
PRINT 50000
PRINT 50001, (NN(K), Ksl2,15), (NN(K) ,Ka20,32)
PRINT $0002
PRINT 50003, (NN(K) ,X=33,40),NN(1)

noOonoDOon

30000 FORMAT(1X,® 12 13 14 13 20 21 22 23 24 25 26 27 28 2% 30 31 32')

30001 FORMAT(1X,1713)

30002 FORMATC(1IX,' 32 34 33 3 37 1 3

30003 FORMAT(1X.8(I5,1X)) .

C 12 13 14 15 20 21 22 23 24 25 26 T7 28 2% 130 31 32

c 1 2 2 2 2 3 2 0 0 0 0 0 o0 O O0 0 O

c 1 14 335 ] | 37 s 39 40 1l

C12343 12347 12345 12343 12343 12343 11347 12343 12343
ENDIF

RETURN

END
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TH1S MISSION INPUT APPROXIMATELY REPRESENTS A TWO-BATTALION (PLUS)
MOVE FROM THE MAIN BASES TO THE FORWARD AIRHEAD.

MISSION INPUT

DATA FILE

AFTER THE ARCTIC CIRCLE EXERCISE,

“MSTACK*

.

ALTHOUGH PATTERNED

IT 18 SUBSTANTIALLY MORE DEMANDING.

RELATED MISSIONS HAVE SIMILAR NUMBERS FOR EASE OF ENTRY AND CHECXING.
COMMENTS IN RIGHT MARGCIN ARE FOR EXPLANATION ONLY AND DID NOT APPEAR
IN THE MISSION INPUT FILE ACTUALLY VUSED.

SEE LISTING FOR SUBROUTINE STACK IN APPENDIX B FOR DETAILS ON MSTACK

MISSION ENTRY FORMAT AND BASE/LOAD CODES.

TRDY
(MIN)

ooaoo
00000
gcaco
00480
00480
00480
00480
00480
00480
00480
00480
00720
00720
00720
00720
00720
00720
go0720
00720
00720
00720
00720
00720
02160
0z160
02160
02160
02220
gzt
02220
nzzeo
02280
g2280
02640
02640
02640
03000
03000
03000
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MSN
NO

10001
10002
10003
50001
50002
50003
50004
50005
50006
50007
50008
31001
31002
31003
31004
31005
31006
31007
31008
32001
32002
32003
32004
40001
40002
40003
40004
41001
41002
41003
41004
41005
41006
41007
41008
41009
41010
41011
41012

RSK
PRI

B 00 e b b b b b e e b b b
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LEG i

- MO : O DD DE DDA AU AW W W W oW W WWWW D DN D W W W

o @D DD OO OO UL YU WWWWWWWWWWWWeN Ne DM MmN W W

O B oo b P AL L LR DD HE DWW W WWWWWWWWWUMULWNWLS DS HE Db MNWwN

ITINERARY
LEG 2

0 0 A OO0 C O 00000000 0 0000000000000 O 0000000 O0o oo

O 90 0 0 0 OO 00000 000000 0000 OB 00O OCO0 0000 O OLNOO

00000000 000000000000 0 o000 0 000000 D000 0 wooo

LEG

0O 00 OO0 OO0 0D 000000 0 O OG0 O0O0 0TSO oOoO

00 0 0A 0000 00000 N o000 000D 00000000 oCco00O0 o

000 00 00000 000 OO0 0 000 OO 000 oOo0o0OeODdboooo oo

LEG

0 00 00 000 GO0 O 00 00 0O 000000 OO0 OoOoCoooocoo

00 O 0 0O 0 000 0CacCaoe 0 0D OO0 00D odOoOoODOCOOO O

C O 00 000000 A0 0000 00000 CcCo0000 0o ddooco0aaca

*2x FIGHTER ALERT
BASE MX LOADS

ktx ALASKA ARMY
GUARD SCOuUT
SUPPLY DROPS

#*x ARMY STAGING
TO BASE 3
(GALENAX)

xtx FWD AIRHEAD
ASSAULT
TEAM DROPS

*ts FWD AIRHEAD
DOZER DROPS

var FWD AIRHEAD
INTERIM FUEL
AND SUPPLY
DROPS
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Glossary

Aielift --- A general tarm for air transportation.

Airland ~-- A specific airlift employment mode involving
delivery of cargo or personnel via landing
at a destination airfield.

Airdrop ~-- A specific airlift employment mode involving
dalivery of cargo or personnel via parachute,
not necessarily at an airfield.

Airmobile --- A general term describing movement of army
forces by heliocopter.

Alaskan Air Command --~ The major air command responsible
for the air defense of Alaska.

ARCTIC CIRCLE -~- A joint Air Force-Army field exercise which
simulated the move of an Army light infantry
battalion to the western part of Alaska;
conducted in April 1980.

Attu and Kiska --- Small islands at the western end of the
Aleutian Chain; occupied by Japan 18542-1843.

Bare-base --- Term describing an airport with minimal or
nonexistent facilities.

Cannibalisation (“canning”) --- Use of parts from one sircraft
to repair another.

Chalk --- An Army load.

CH-47 --~ "Chinook”; Army heavy-lift helicopter.

CRAF --- Civil Resarve Air Fleet.

Closure time --~- Time of complation of the last mission in a
series ot missions.

Cobra --~ Army helicopter gunship.

Combat oftload --- Prooedure for offloading palletisad cargoe
without use of MHE.

Contingency --- In the contest of this paper, wartime.

CONUS --~ The 48 contiguous United States.

Eleventh Air Foroe --- Created at tha beginning of Vorld
Var Il to oversee afir activity in Alaska;
later became Alaskan Air Command.

FEBA --- Porward Edge of Batlle Area; froat line.

FMC ~-- Fully Mission Capabdle.

Forward aithead --~ An airfield (often unimproved) near a
battle area which oan be used as a supply
point for front-line foroes.

Forwasd area --- In Alaska, the northern, western, and south-
wastern parts of the theater; those areas
closest to the northern and western perimeters
of the theater.

GAMA GOAT <-- A sin-wheeled, artioulated Aray all-terrain
vehiole.

CCl --- GCround Controlled Intercept

HP --- High~freguency; shortwave radjo.

IPR <-- Instrument Plight Rules; f1ight in noen-visual oomditions.

instrument approach --- A presaribed pattern using electronic
navigation aids used to position an airoraft
on the final approach to the runway; in sest
cases, only one airoraft at a time may exzecute
such an approach.
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JACK FROST --- A bDiennial (formerly annual) JCS-directed
winter exercise in oentral Alaska, normally
involving less than 20,000 pcrnonnnl.'incllding
support foroces, and designed to test general
winter emaployment concepts in a control led
cold-weather situation. (Note: This esercise
is now called BRIM FROST.)

JC8 --~ Joint Chiefs of Staff

K-loader ---~ 8Special highly maneuveradble flatbed vehiocle used
to ottload/onload several pallets at once;

&8 25K-loader can handle up to 25000 pounds, etoc.

Light infantry --- Army infantry units with sinimnum sotori sed
support; roughly analogous to mountain troops
and intended to be mobile in extzemely adverse
terrain with as littie logistics support as
possible.

Low-level --- Generally, visual flight below about 1000 feet
above the ground; can include either terrain-
following or terrain-avoidance flight; primary
conceslment technique for airlift ajroratt.

M-14 --- A large simulation mode] used by MAC to study the
worlidwide strategic airlift system; formerly
known as "Colossus”.

MAC --- Military Afrifft Command

Maximum~effort landing --- A landing which requires hsavy uss
of brakes and reverse thrust; sometimes called
a shortfield landing.

MHE --- Materials Handling Equipment; forklifts, X-loaders, ete.

fluskeg --- A type of terrain common in more moist morthern reagions;
typically swampy and nearly impassable, and with
Jittle or no weight-bearing capability.

NMC --- Not Mission Capable.

NORS --- Non-Operationally Ready due to Supply; no longer used --
replaced by NMCS (Not Mission Capable due to
Sopply).

Noctthern latitude --- For ths purposes of this paper, those
areas of North America (including all of Alaska),
Asia, and Europe nortth of appreximately 593
degrees north latitude and ocharactsrised by
sparse population, widely separated population
centers, and limited transportation networks.

*"Outside” --- Tarm used in Alaska to refer to CONVS.

PHC --- Partially mission capable.

Rajidelt --- Term denoting the relatively developed area of Alaska
oenterad along the Alaska Railroad.

RD? ~--~- Rapid Deployment Force.

SAC --- Btrategio Air Command. .

SKE --- Stationkeeping Equipment; intra-formation positioning
equipment whioh allows formation flight ia
non-vissal conditions. .

SLAM --- Simulation Language for Alternative Nodeling.

Special operations --- When refercing to airlitt, opecations
of a semj-olandestine nature usually requring
operations within enemy territory, often
employing special ajirdrop and airland

techniques.
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TACET -~-- Tactical Airlift in the Central EBuropean Theater;

s simulation mode!l resulting from an Air Var
College Tactioal Air Warfare Study.

Tactical airlift --- Also called intratheater aiclift; atcvlift
used within a theater, as differentiated from
strategic, or intertheater airlift; the primary
tactical airlitt atroratt is the C-130 Herosles.

TAM -~- Theater Airlift Model; the MAC version of the TACET
mode!l.

Terrain~avoidance ~-- Term describing low-level flight (usually
by larger, less maneuverable airoraft) which
emphasises avoidance of high terrain rather
than contour-following.

Terrain-following --- Term describing tlight which follows ground
contours as olosely as possibla.

Tundrs --- A type of terrain common in treeless northern regions;
in summer, very soft and spongy; mormally snderlain
by permafrost at depths of a few inches to several
feat.

UH<]l «-- Light general-putpose army helicopter, also known as a
"Huey".

UHF --- Ultra High Freaquency; aircraft line-of-sight radio.

US Army. Alaska --- Armay counterpart to Alaskan Air Command.

Visual approach --- A situation in which the pilot positions the
aircratt on final landing approach primarily
without reference to slectronio aids; generally
quicker and more flexible than an instrumesnt
approach when weather conditions persmit.

VFR --~ Visual Flight Rules; flight in visual conditions.

VHF --- Very High Frequenoy; sircraft line-of-sight radie.
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